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RCS/ 
z  8if .  doc 
zeu.i 
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./ 
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Flit  Htiinti 


timny  diffvrtnt  flit  *rt  invfrlvtil  in  «  »iMul*tion. 

And  it  cor.kidtrtd  detirAtilt  tc  ftuotmtriit  thvM  in  ont 

p  l*ct. 


tkzx.ti  M  *.  K*  fjlt  iv  ttit  fcburc*  input  filt  to  th« 

icro  «ftfc»iubltr.  A  tuccttkful  iikttttibly  preductft  a 
corrtopondins  “xtsx.n*  filt. 

xixi.n  Tht  inTtrntdiatt  filt  productd  by  'tht  ttHitnicre 
ttvtiAbltr.  Ottd  by  tht  Link ins/Lotdtr  Allocator. 

yyyy.  i  The  tourct  input  to  tht  Linkinp/Loadtr  Xnttr** 
prcttr.  Conttint  tht  «ptci f ication  of  tht  addrttft 
rttolution  procttk  for  a  fiivtn  Ktchint. 

yyyy.t  Tiir  output  of  tht  Linkinp/Loadtr  Initrprtttr.  Thit 
filt  lb  ubtd  by  tht  Allocator  to  dirtct  tht 
addrtbb  rtbolution  proctti. 

1. out  Tht  output  of  tht  Allocator.  Containt  a  roal 
nachint  cort  itBagt*  ouitablt  for  simulation  after 
proctbsinp  by  tht  simulated  airmory  processor. 

zzzi. isp  Tht  input  to  tht  ISP'  compiler*  contains  ISP' 
source  code. 

zzzz.sim  Tht  output  of  tht  ISP'  compiler*  corresponds  to 
the  zzzz.  isp  source  input. 

root,  t  The  topology  filt*  the  ecologist  tiill  build  a  pro"- 
gram  called  ‘‘root***  which  will  be  the  executable 
simulation. 

root. s  ■  A  symbol  table  filt  created  by  the  ecologist*  used 
by  the  runtime  package.  "root”  is  the  simulation 
name. 

root. f  The  memory  list  filt*  productd  by  the  ecologist* 
and  used  by  the  simulated  meatory  processor.  Con* 
tains  the  names  of  all  memories  used  in  a  Simula* 
tion. 

A  processed  file  created  by  "smp*.  Corresponds  to 
a  previous  Linking/Loader  output  file  which  has 
been  renamed.  Used  by  the  simulation  program  and 
the  Simulated  Memory  Editor.  One  for  each  non  raw 
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Mcmerv  in  *  k imulati on. 

Anothtfr  output  of  tn*  kkip.  Cont«iri» 
kumbclk  p*kwvd  on  fron.  nttonicro.  0n» 
tion. 

Simulfttion  (<»t«  file,  procucod  by  thk 
lt»«lfi  contoink  ii«t«  to  bv  procrkk»d 
poftt  procofckor. 
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Cuu.-r  -  LjiK:ii^'l.oaacr  Altbculsir 
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i:r  I'OiJuunsj  fbi:.!!  flit-..}  jfilL2.li...  rilt:]u.ri] 


DKiCKlPTluM 

Paipr  IS  u-,f  ’c.'oond  program  of  i/if  Linkifig^ljOadiir.  CoUir  i&  Qnvcn  by  a  user  anenpljon  of  Uk 
abaruis  rctioluUon  pructas  procucud  by  the  Ir^rpreier. 

U  p  Lo  10  hici  ptoouaxl  ti)  meUi.V  loo  may  be  Liuced  at  one  tune. 

The  otsenpLon  fUe  pnxluced  by  the  inuapfttujr  has  a  ".a  "  eictenson  iuid  the  niBla.M  lao  output 
flies  liave  a  “.n"  ooension. 

Tne  A  botMior  produces  a  fiie  »>nih  the  na-Tt-  Lout  This  file  can  be  merged  ^ith  meUM  loro  list¬ 
ing  tiles  With  tne  mcige  prcgmfTi.  A  durrp  of  Uiis  file  may  be  obtauied  from  the  ‘mdump’  p."0- 
grara 


OPTIONS 

L 


pnn!.  the  ‘LogiOk  Space  )■(  ap",  rolahng  logical  aaoreases  (produced  with  the  -p  option  of 
micro)  to  p’i)‘uca!  <ddrossies  as  establisned  by  oiiur. 

pnni  the  '?fiysica  Spt^  Map",  relating  ph>'scal  addresses  to  logical  addresses.  The 
"Pn^'scal  Kt  ap"  is  ttie  in'  erse  of  the  ‘Lopcal  Space  M  ap". 
pr.m  the  'External  S>7nc»l  Table",  reiabng  exiemal  symbols  identified  by  ttie  gioUil  la¬ 
bel  aecla.''auon  in  metaM  icro  to  physoal  adoresaes  whm  allocbted  by  oater. 
print  the  "free  A  fusr  A  Uocabon"  report  This  report  shows  the  unused  blocks  of 
tne  target  macrune  memory  space  as  defined  by  the  space  dedancion  in  the 
Luoong.'Loaacr  command  program 

print  the  'Tra.-isiefv  Located"  report  This  report  shows  where  transfers  t*awe  been 
piacxd  irtto  trie  target  r/aiufune  uode  to  maUitam  logical  oonugui^'  of  ph>'sically  dispint 
segminb  of  target  rnoaune  code. 

print  the  "AUocalion  Oroer''  report  showing  the  oroer  in  which  target  machine  instruc¬ 
tions  were  alioaited 
pnnt  at!  reports  noted  above. 

print  all  physioti  isioreaies  and  conipiete  instructions  in  heiudeamal. 

pnnt  all  pn)%icktl  addre&es  in  deomol.  Complete  insuucbons  are  printed  in  ocuil. 

pnni.  all  phj'uicsil  vidresses  and  oomptele  instructions  ui  octal. 

aliouaie  nooai  files  accsnLrg  to  the  M  ooified  Fust  Fit  aliochtion  algonthm 

aclooiie  nuoal  files  wcoorau^  to  the  Frsgnenteo  M  emory  ailocabon  algontnm 

aLiocute  nocU  hies  aaoording  to  the  Low  Paaong  aliocabon  algorithm. 

allocate  nooai  hies  aocording  to  the  Htgn  Paciong  aliocabon  algonthm 

prjit  inforrraLory  mess^es  Uial  oetail  the  st^  of  the  aliocabaa 

suppnets  (TVauon  ol  the  i.out  uore  iniigc  file. 

uidiutate  fiat  Uie  rjcxl  option  (ui  the  fonrr.  of  -value)  shoulo  be  interpreted  as  the  value 
to  asicgr.  to  unodouited  niemo'y  ui  the  core  inicge  file. 

have  the  A  llooiUir  prompt  tfw.  user  for  the  target  madune  address  space.  The  default 
values  are  Uicise  specified  m  the  ‘tspoce"  dedarauon  of  tfie  Inierpr^  produced  fUe 
‘Ihle.a .  The  A  liocuLor  will  adempi  to  attocate  code  orJy  in  the  speahad  regions, 
perfomi  a  stoUimenl  tracx  of  the  allouabon  process.  This  opbon  is  useful  when  deix^ 
ging  new  mochuie  oesaipbons 


hle.a :  parsed  hie  produced  by  the  uiterpreter 
hlel.n  :  noctai  output  file  produoed  by  meuM  icro 
i.out  output  hie  of  allocatur 
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inteKnmpic}.  mas(nmpc),  micrD(ruiy3c).  mduihp(niTipc), 
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ec  -  eouiogts.  c.'id  sm,';  OLinu-oi  p.'o^rtfn 
SVHOPSIS 

ec  [-cipuorui]  [-r  opuunsj  njoL.'uimt  opijoriaLairucLor>‘ 

OKsCRiPTiOK 

ec  icU:  d  user  run  tne  twc  amJdUon  oeduon  pro^dns  Lhroupn  one  contJoUing  prograra  Op- 
bons  Oeginiii;^  wiin  a  are  senl  to  Uie  ecoiugtri  while  tliusc  beginning  «iUi  a  V  ‘  go  to  smp. 
It  IS  also  posabie  to  hdve  ec  rur^  nmake'.  tne  K.mPc  vo^on  of  'malee'- 

Tnc-  eooicgiS.  is  dnven  by  t  ‘lopoiogv’'  flit  atacnbtng  the  haroi^are  arid  suftware  cannponenU  of 
d  puruculdT  sunulabon  Tnc  ecoiogist  itseL'  iot^  tne  needed  ISP  modules,  arid,  if  no  errors  oc- 
cuiea  oudbes  a  memory'  Usl  hie  to  dnve  snip  smp  exonuies  the  msnanes  involved  and 
avidijes  rriernory  irruge  files  ir.  e  fomcd  so-tabie  (or  amuldliori.  Beai..ise  simulabon  preparauon 
IS  Decomposed  into  two  pd.ns,  it  is  posucie  to  raidify  a  amuiiibori  by  only  diarging  the  com¬ 
ponent  upOdUsi  c.Cier  fidrcivdrv  dim  .gl.  tne  ecologist,  or  aofcwdrv  Uvoqgh  the  srrp. 

Vi  her.  ec  is  run.  it  esKS  Uit  user  if  the  software,  haraware.  or  both  are  to  be  cha.'ged  If  only 
rtardwan:  is  to  be  cridTiged  ec  runs  tne  ecologir..  If  o.'jy  software  is  to  be  diangea  only  ST.p  is 
run  Changing  boin  impiies  running  both  the  ecblo^.st  and  snp  If  errors  occured  in  running 
me  euoiogiSL  snp  will  not  be  run.  If  me  user  does  not  wa.-!!  to  be  prpmptea  the  'H'.  ’S.  or 
'B'  option  may  be  mauaec  in  me  opbons  gomg  to  die  ecologist  ‘H‘  implies  diangmg  only 
harowarc.  ‘S'  soitwart.  and  'B',  both. 

Ttie  amulalion  Uipulogy  file  is  in  a  fue  ‘rooLhamc.!'.  If  a  sirnuialion  is  creuLed  through  ec  die 
executable  sunuiabori  wui  resiae  m  a  fae  called  'rootJianic',  wim  no  edienaons. 

beouise  of  the  file  namirig  oonvtnbon,  it  is  most  convenient  to  plane  a  simulaaon  in  its  own 
direcLory. 

Tne  •  opt! or  dirtcmr/  is  pn^Bes  to  die  ecologist  and  is  used  to  specify  other  p.aoes  to  fmd  ISP 
oomfxlec  files  If  an  eriouuritcnad  in  the  cptons.  the  omer  dimdory  is  set  to  the  nmpc 
isp'  library  directory 

OPTIONS 

Cpuo.ns  prdaced  by  a  go  to  die  ecologist  ana  those  preiaoed  with  a  ’-t- '  go  to  snp.  To  run 
'nnidkc'  over  the  topologv  file  Uifore  it  is  given  to  the  ecologist  add  the  'M '  option  to  Uie  ecol¬ 
ogist  opoons  (-M  j.  The  other  two  nmaite  opuons  (‘V  and  'U')  can  then  be  added  to  the  invo- 
Cdiion  opuons  lor  Uie  eoolpgist  and  they  will  be  sent  to  nmakt,  if  the  'U'  option  u  also 
p.'Tsienc 

ntKs 

rooUname.t :  topolog)'  input  file 

routJiarTie.f ;  memory  list  fiie  produced  by  the  ecologist 

rcowha.'Tei.x  ;  global  label  and  mcmiory  list  file  produLxid  by  the  smp 

ruuLJiarrw  :  thie  executable  simulabon 

/nT4x:,1cub.  ISP'  ubrary  dmrauory 

SttAtSO 

ecologist^ nrnpc).  snnp(nnipc}.  nmd((e(nmpc), 

Ecologist  Uaer^s  M  anual.  Verson  1.0 

uucs 

Ciniy  one  mscarioe  of or  ‘-r  '  optiorisniay  occur. 


ecoiogisl  -  nmpc  srrulauon  lopolog)  por^r 
SYNOPSIS 

eoologia  [-opuonsj  rooL-name  (other_flir] 

OesCRlPTION 

The  eoologisl  parses  a  hie  containing  a  dcso-iption  of  the  hardware  and  aoftvk'are  itams  that 
naatce  up  a  given  amulaiioa  The  haniwanr  modules  are  ISP  output  Ales^  and  the  software 
modules  arc  core  im^es  oeaiad  by  the  Ltnldng.4.oader.  The  spedhed  hardware  modules  are 
loaded  into  a  program  containing  a  kernel  program  which  oeatcs  a  complete  simulabon  pro* 
gram.  A  list  of  the  memor\'  im^es  specfied  is  placed  into  a  file  which  the  Sdnilaied  M  emory 
Processor  (smp)  may  examine  to  process  the  named  memones  for  amulaaon. 

The  file  which  desaibes  the  hardw-are  and  software  arrangement  is  called  the  topolog>'  file 
Each  sinuLation  has  a  rooLJiame  Se’i’era.'  files  oust  which  have  the  rDot_nBme,  with  venous 
extenaons  The  topology*  file  has  the  rooL-name  with  a  M'  extenson.  Because  of  the  ntmng 
conventions  used  it  is  usual!}'  desirable  to  plaoe  each  smuiaaori  m  its  own  directory. 

If  no  errors  were  encountered  in  parsing  the  topolog}'  file,  the  executaoie  program  will  be  in  a 
file  with  the  root_na.'r£  and  no  extenaons 

The  option  ‘oLhei.dir'  on  the  invooaLon  line  is  used  in  front  of  specified  ISP  output  fiie  names 
as  a  mecnanism  to  facilitate  keeping  ISP  hardware  modules  in  library  direcuines. 

OPTIONS 

I  bsi  the  topolog}'  input  as  it  is  bemg  parsed 
s  list  runtime  sjmbol  file, 

m  list  memory  Wes  used 

i  do  not  remove  temponty  files  (debugging  option). 

1  build  a  simulauon  which  runs  in  separate  instracuon  and  data  (for  1 1  ^46.  and 

70  CPU's). 

f  by  and  link  amulabon  with  one  loader  call;  speeds  up  the  simulobon  builduig  fgrir^t 
If  using  this  option  results  in  aloader  error  messee,  do  not  use  it  (!). 

1*9  link  in  an  altsmate  runtime  kernel  The  su^le  thaiacler  1  to  9  will  be  appended  to  the 
kemd  name  (kemela),  formuig  a  new  kernel  name.  This  is  useful  in  environments  in 
which  there  are  mulbfide  kernels  each  used  for  diflerent  purpraes.  Specifying  a  ne^'  ker> 
nel  which  does  not  exist  will  result  in  a  toade’  error. 

PILES 

rDctname  ;  executable  sunulation  piugram 
root_name.t ;  topolog}-  file  for  simulation 
rootJia.'iie.f ;  memoo'  bst  file 

rDO‘t_name.x  :  smp  output  file  with  memory  names  and  global  laoeis 
rooLJiame.s :  s>7nbol  table 
,/hmpc,/binAeniei.a :  runtime  kernel  tirchive 

SEE  ALSO 

ea(nmpc).  ic(nmpc),  smp(ninx;). 

Ecologist  User's  M  anual 


tc  -  iSI'’  C unifier 

SYNOt'mS 

IC  [-opuoria] 

biSCRlPTlON 

1C  pars£&  sounx-  pro^nsm  in  Uic  ISP  pnidjcin^  PDP-li  axit;  to  be  run  aider  the 

N  .mPc  mnlime  kernel. 

Eucn  souru.  (lie  nusL  Lc  temurusiod  wiLn  e  ‘asp'  erarisior.  Trie  conipuer  wiii  produce  an  out' 
pul  foe  viitii  Ujc  msiit  ruol  name,  Uii  tuiUi  a  ‘.sn/  exlenaon 

on’iOMS 


1  ^neniLt  a  iisung 

p  parse  oniy  (gtsicnne  no  code) 

s  essemUy  LsUr^  of  code  tieneraurd  m  norniul  hsun^. 

I  ynni  LaUe  of  ISP  stnjcLuies  used. 

V  sjppnsi  warning  mess^es 

T  turn  on  trace  opuoa 

riLkS 

name.isp  ;  iSP  source  fue  name 
name-sm  ;  ISP  output  file  name 
/‘hmpc/bjvlibisp.a :  ISP  rxinbme  kbrarj' 

SkKALbO 

eaDlo£tsl(nmpc), 

nmtkeinmpc), 

ISP  User’s  MariMol 


Only  one  source  prot^am  may  be  rorrpied  at  a  time. 
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mlcr  -  Linking,  i^oader  Command  Progr.im  Inlerpreler 
SYNOPSIS 

inlfir  [-options]  file.i 
DSSCRlPriON 

Inter  is  iht*  riame  of  the  Lmking/i.Odder  Command  Program.  InlerpretEr.  a  piogram  which 
translates  a  user  descnption  of  the  odoress  resolution  (suuess  for  a  purticxilar  machine,  inter 
produces  a  file  with  the  same  root  name  as  the  input  file,  but  with  a  ".a'  extension.  This  '  .a" 
hit  dnves  the  A  llocator  (cater),  the  program  which  aptually  links  meta.V  icro  nodal  output  files, 
producihg  executable  core  uikge  files. 

OPTIONS 

1  force  a  lisung  of  the  command  program, 
i  invoke  tne  '1'  option  and  ^duoe  a  UsUr^  of  included  files. 

5  suppress  the  craatjon  of  the ‘.a"  file  (^Titax  ptiss  only) 

p  force  a  Usung  of  the  contents  of  the  command  program  and  number  statements  in  tne 
mode  and  tranfer  secuons  This  opbon  is  most  useful  when  usirig  the  allocator  state¬ 
ment  trace  faality  (-t). 

PILES 

rocLl  ;  input  file  to  be  filtered  through  the  C  pr^xocessor.  making  the  rooLi  file. 

TooLi  :  input  file  to  be  interpreted. 

rooLa  ;  interpreted  hie  to  be  input  to  the  AUocaLor. 

SEE  ALSO 

cater;  nmpc).  mas(n.mpc).  miao(nmpc). 

Linlchg^uoader  User's  V.  anual.  Version  1.1 


iiAyik 

n’ldb  -  W  icrc  A  Ssif.TJJier  meuM  icro.  Linkinfi. M  exjie  Inlerfuac 
snito^'sis 

TTtoi.  ([■]!•*■  jopuofiSj  InmOiuiej  [files. m]  [ files. n]  [flics core] 

OtSiCRIPTlOM 

Trjtitjgri  mi^  t  user  may  execuU?  meLa.Miac,  tne  InLopfetcr,  Uie  A  Uorwla-.  and  Uage,  Uie 
four  software  ^cTitnAiori  components  o'  K.mPc  Tne  oesdnaaon  of  tike  opuons  depends  on  the 
inlenied  use  of  ntas. 

To  A  ssBiiUe  Programs 

If  mas  li  to  be  used  to  am  only  metaM  t3x>.  opuuns  should  begin  vnth  and  bti  arUtrao' 
number  of  '  .m'  or  meloV.  loro  sourae  flies  m>y  be  specified.  One  of  tne  options  tfiat  mu&  be 
usec  ts  tnt  •c’  option  vhich.  tc  in  the  C  oorrpile.'.  uisuuos  the  sofeware  to  paiduoe  only  object 
fiius  ('  .i/'j.  AsaemLling  3  flies  to  p-oduoe  3  nodal  (object)  files  would  appear  is 

mas-eXXX  fiiel.m  fii62.rr.  fiieirn 

XXX  an  other  naq  Jired  metaM  icro  options. 

To  InUirpa.*;  Files 

M  tc>  am  be  used  to  run  tlie  interpreter  by  using  the  foUowuig  format: 

mas  [-opbons]  metoune 

T tic  opuons  here  are  sent  to  the  Inte.'preler.  ki  aoimt-  is  the  name  of  the  Interpreter  inpui  file, 
ininout  the  ’■.i"  extension. 

W  as  M'lU  examine  die  direcuory  where  Liniaiit,4.oaaer  macnine  desxipbons  ate  stored  for  a  file 
witf.  tne  name  '  rTkacnine.&".  If  this  flit-  is  found,  it  is  assumed  to  be  current  Interpreter  out¬ 
put  and  nids  termuiates. 

If  tne  file-  oinnot  be  found,  mas  oonsiruas  tfie  name  'madime.]"  and  atierppts  to  find  that  file 
If  this  file  oan  be  found  the  C  preprooessor  is  used  to  filter  the  file  into  another  file  named 
'madiinei  If  the  ‘tnaoune.]*'  file  umnol  be  found.  C  preprocessor  filienng  is  not  performed 
ana  no  errors  are  proauoed 

kf  as  tnen  constructs  tfie  naiT«  Tnaefunei"  and  sends  this  name  to  Ute  Intaipreter  to  be  inta^ 
preiea 

The  directo.-y  wfitre  tfit  Liniong,4<oader  command  files  are  stored  is  installation  dependent  but 
can  be  ovemdoen  untf.  tne  "*1"  option.  For  installations  runni^  Verson  7  Ungt  the  sheL  vah- 
abie  ''iPATH"  am  be  ici  and  eacporUid  M  as  will  use  ’IPATH's’  value  unuss  ovemdden  with 
Also,  tne  snetl  variable  "ki  A  CHIKE"  am  be  set  and  exported  and  mas  will  use  its  value  as 
trie  maenme'  name  a.’^ument  rioted  above. 

T 0  Link  Flits 

V.  as  cun  U.  Called  to  run  iTie  A  tlooator  a.-'id  produce  an  Lout  file.  The  format  is 
mas  [-^  opuons]  mastiine  filel-n  [fiie^n ...  filel0.n] 

Trie  "f  "  opuons  are  aunt  to  the  Allocator.  The  'machine"  name  argument  is  treated  as  above 
iit  tne  secQon  cnbUed  'To  Interpret  Files". 

If  orie  arvurncjit  is  speufiec  wltn  a  ".oone"  extenaoa  tne  Lout  file  is  renamed  ‘filucore". 

ki  as  ui'i  be  used  iri  combiTiadons  of  tfie  above  desanpbons.  For  example,  consider  a  oore  im¬ 
age  wn,o.,  IS  built  from  txmee  meiakticTD  programs.  Assume  tM’o  are  current  end  one  has  been 
efiarged  kl  as  am  be  used  to  run  metakf  icro  over  tne  modified  file,  and  then  cull  the  Allocator 
Ui  perform  Uie  liniong.  FoimaL 


merge  -  W  erge  meia.M  icro  listing  files  wlh  A  liocaLor  core  image  files 
STNOFStS 

merge  [-options]  [files core] 

DBSCRlPTiON 

merge  merges  lisUrtg  files  sealed  b>’  meteM  taro  witn  the  information  contained  in  the  core  im- 
E^e  file  produced  by  the  A  Uocator,  pr^uong  final  listing  files. 

The  Allocator  builds  the  core  tmegc  file  with  til  information  neoesar>'  to  aoceas  ail  files  re¬ 
quired  in  final  listing  file  production. 

opriOKS 

D  display  physcal  addresses  in  deorreC  and  instruction  values  in  octal. 

X  dis^eo’  physical  and  instruebon  values  in  hetodeomal. 

0  display  physical  addresses  and  instruction  values  in  octal.  This  is  the  default  radix. 

USAGE 

M  erge  merges  oil  core  im^es  files  speafied  as  arguments  (or  Lout  if  no  files  are  ^seofied). 
The  merging  operation  involves 

1.  Parsing  listing  files  (file.l)  produced  by  metaMioo, 

2.  Extractirtg  logioa!  addresses  imbedded  in  tnose  files  ( added  to  a  meta.V  iczo  listing  b)'  specify¬ 
ing  -p)  end  napping  to  physical  addressing  (uang  the  logical  to  phyacal  map  imbedded  in  the 
core  image  file). 

3.  Determining  the  length  of  the  assodatad  instruction  (by  readutg  the  file.n nodal  output  file 
produced  by  metaM  ioo). 

4.  Extracting  the  final  instruebon  value  (from  the  core  inege  file  specified  as  an  argument  or 
Lout  by  default],  end 

b  A  dding  the  phyacal  address  and  instruebon  value  to  the  listing  file  to  produce  the  final  bsi- 
ing  file  (file.L). 

FILES 

Lout :  default  core  image  file  if  no  .core  files  are  specified 
file.1 :  listing  files  pxoduoed  by  metaM  icro  with  a  -p  option. 
file.n  :  nodal  files  produced  by  metaM  ioo. 
fiie.L  :  final  listing  files  produced  by  merge. 

SEE ALSO 

m(bo(nmpc).  cater(nmpc).  mBs(nmpc). 

meta.M  iaro-Linking/l.oader  L'tilibes  User's  M  anual.  Version  2.0 

DUCNOSTICS 

Designed  (hopefully)  to  be  self-explanatory.  Merge  really  gels  confused  if  one  of  the  listing 
files,  nodal  files,  or  core  image  file  is  out  of  date  ^nth  the  other  files  The  error  mess^es  pro¬ 
duced  don't  make  seise,  start  all  over  rdth  metaM  icro  and  the  Allocator  before  magipg  again. 


mitro  -  mc’^aV.  jcro  A  ssemfiler 


STKOreiS 

mcTD  [-options]  fije.m 

DISCBIPTION 

micro  IS  the  metaV  itrc  assemUer.  t  genera!  microprooessor  assembler  whidi  is  user  pro¬ 
grammed  for  eacn  assembly.  metaM  icro  output  files  have  the  same  name  as  the  input  ftie,  ex¬ 
cept  that  the  ".m"  exienaon  is  changed  to  a  ".n'  extension.  Nooa!  files  produced  by  metaM  icro 
may  be  link/loaded  by  oaier,  a  gensalized  Imking/^oader. 

OPTIOKS 

1 

1 

e 
E 

f 
P 

a 

usage 

meta-V  icro's  output  should  be  redirtssed  to  a  file  named  ‘Tile-r'  for  merge  to  postprooess. 

FILES 

fiie.m  :  metaV.  icro  input  file 
fiien  :  meta.V.  loo  objea  oode  output  file 

file.l :  metaM  loo  listing  file,  for  merge  /^mpAnooXXXXX  :  tenparary  file  (ormaoos. 

SEE  ALSO 

mas(ni7pc).  inter(nmpc).  ceLer^nmpc),  mege(nnpc), 
meteV  leo  User's  M  anual.  V erson  3.1 
Linking./k.oader  User's  M  anual.  Version  1.1 
meteV  ioro-LinkingA>oader  Utilibes  User's  M  anuaL  Veraon  3.0 

BUGS 


genoate  a  source  Listing,  witn  deoma!  line  numbers 

invoke  tne  ‘V  option  end  list  the  source  oode  in  included  files. 

envoke  the  ‘V  opbon  and  expand  maaos  in  Uie  insuucbon  section. 

invoke  the  "I"  option  and  expand  irasros  in  bothi  the  dedarabon  and  instruebon  sec- 

bons. 

invoke  the  ‘V  opbon  and  snow  how  ‘if"  statements  cause  text  radueebon. 

place  option.  Invoke  the  ‘V  opbon  and  display  the  logica!  address  of  each  instruebon  in 

the  file  This  opbon  is  required  L'  'merge'  is  going  to  postprooess  metaM  loo  source 

files. 

invoke  the  'V.  "e",  ’i".  and  *T"  opbons 


Only  one  file  mm’  be  assembled  per  invocaboa 


S!v(  P  ( rvTjpc ) 
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SM  P(  nmpc) 


NAWK 

smp  -  Simaiaujd  M  emorj-  Proaesor 
SYNOPSIS 

smp  [-opOons]  memDr>_iist.f 
DESCRIPTION 

smp  takes  core  image  ^es  produced  by  the  allocaior  (l.out)  and  prepares  than  tor  simuiOion 
by  creabng  fixed  sze  pages  suitable  for  sv^'aji^xng  el  suruiauon  bme.  It  also  ooUects  globally 
ochned  labels  into  a  oomrrmn  file  to  be  used  by  the  simulation  and  the  Simulated  M  emory  £di* 
tor  (sme). 

smp  IS  onvci  by  a  memory  List  Ale  produoed  by  the  ecologist  This  file  contains  a  list  of  the 
memones  to  be  used  in  the  given  simulation.  This  file  bes  the  root  name  of  the  simulaDoa 
with  a  '.r  exlenson. 

snp  processes  each  fiie  menooned  in  Lne  memory  list  file  leaving  the  output  in  a  file  with  the 
same  name  as  the  input  except  for  the  added  '.p'  extension.  This  '.p'  hie  is  used  b>'  the  amu> 
lation. 

The  hie  oontaining  the  global  symbols  found  in  each  memory  list  hie  has  the  simulabon  root 
name,  wiin  a  '.x'  extension 

smp  must  be  run  after  each  change  in  amulabon  software,  smp  may  be  run  directly,  or  thnxigh 
the  ec'  program. 

OPTIONS 

1  generate  a  lisung  of  smp' s  acbons. 

e  generate  a  lisung  including  global  labels  found  in  each  memory'. 

H  labels  shovi-’n  in  the  g  option  have  addresses  in  hex. 

D  label  addresses  are  in  deomal  (default  is  octal) 
a  pege  aze  is  32  words 

b  pege  size  is  64  worxls 

c  pege  size  is  128  words 

d  p^e  aze  is  286  words  (default  sze). 

e  p^e  aze  is  812  words 

r  pege  size  is  1024  words 

s  user  aieaed  pege  aze  (format  sKXX,  XXX  is  a  number  from  0  to  8000.  must  be  last 
option) . 

FILES 

rootj:iBme.f ;  memory  list  file 

rooLname.x  :  processed  memory  list  with  global  labels 
l.out :  hie  produced  by  Unking  loader  allocator 
file_name.p  :  hie  pxooessed  by  smp 


SEE  ALSO 

ec(nmpc),  mas(nmpc).  ecDlopst(nmpc). 
Ecologists  V  ser' s  K(  anual  V  eraon  LC 


A  Simple  Vax  N.mPc  Post  Processor  {Vl.7) 


Greg  Ordy 

Dept,  of  Computer  Engr.  and  Science 
Case  Western  Reserve  University 
Cleveland,  Ohio  44106 


ABSTRACT 

This  manual  describes  a  simple  post  processor 
for  the  VAX  implementations  of  the  N.mPc  System. 
It  will  run  under  both  the  VMS  and  Unix  (4.1  BSD) 
operating  systems.  This  post  processor  is  consid¬ 
erably  simpler  than  the  one  written  for  the  PDP-11 
implementations,  however  it  performs  the  basic 
function  of  reading  the  data  files  (*.d)  produced 
by  the  simulation,  and  displaying  its  contents. 
The  post  processor  is  written  in  the  C  language, 
as  is  most  of  N.mPc. 


1 .  Introduce  ion 

The  VAX  post  processor  is  named  'pp',  as  is  the  PDP-11 
version.  When  running  a  simulation,  the  trace  coiimatui.jtan 
be  used  to  generate  time-tagged  data  which  Ts  placed  in  a 
file  with  the  root  simulation  name,  and  a  ' .d'  suffix.  Each 
unique  trace  command  is  tagged  with  a  mon i tor  number  which 
is  the  number  returned  when  the  t race  command  is  executed. 
For  example,  here  is  a  fragment  from  an  example  simulation: 

f  ... 

f  .  .  . 

>  trace  epu: ir 
monitor  number  3 

I  ... 
ff  ... 

In  response  to  the  trace  command  request  the  command  inter¬ 
preter  named  that  monitor  'K3'.  That  number  (3)  is  also  used 
to  refer  to  that  traced  data  stream  in  the  post  processor. 

When  running  the  post  processor,  any  set,  or  all  of  the 
data  traces  may  be  displayed.  In  addition,  the  output  base 
may  be  set  to  any  one  of  either  2,  8,  10,  or  16.  Note  that 
ir.  all  cases  simulation  time  is  always  displayed  in  base  10. 


Because  this  program  was  quickly  designed  to  l>e  a  tem¬ 
porary  replacement  for  a  more  powerful  post  processor,  there 
are  some  limitations. 

1)  Any  structure  which  is  wider  than  32  bits  cannot  be 
displayed  as  a  decimal  number. 

2)  Simulation  time  is  only  maintained  to  a  precision  of  32 
bits. 

Even  with  these  restr icticns,  'pp*  should  be  quite  use- 


2.  Post  Processor  Options 


The  name  of  the  post  processor  is  *pp'.  Each  invocation 
must  have  the  name  of  the  trace  data  file  to  be  examined 
specified.  Note  that  'pp*  will  accept  names  with  or  without 
the  '.d'  suffix.  In  addition  to  the  data  file  name,  one  or 
more  program  options  may  be  specified. 

In  addition  to  the  basic  function  of  displaying  trace 
data,  the  post  processor  sununerizes  the  data  found  in  the 
file  in  terms  of  the  number  of  entries  of  each  monitor.  When 
Che  post  processor  is  finished  displaying  data,  a  summary 
will  be  displayed. 

Num.per  Base  Select  ion 

The  default  output  base  for  all  data  values  is  base  16. 
Options  CO  modify  this  are: 

-b  Display  data  in  base  2  (binary). 

-o  Display  data  in  base  8  (octal). 

-d  Display  data  in  base  10  (decimal). 

-X  Display  data  in  base  16  (hex). 

For  bases  other  than  2,  all  leading  zeros  are  removed 
from  data  values.  Base  2  data  is  snown  at  the  full  field 
size,  rounded  up  to  the  next  multiple  of  8  bits. 

2.2.  Monitor  Specification 


By  default,  all  monitors  encountered  in  the  trace  file 
are  displayed.  The  set  may  be  reduced  by  explicitly  speci¬ 
fying  the  monitors  to  be  shown.  Each  monitor  nu^er  is 
specified  as  'lx',  where  'x'  is  the  monitor  number.  If  any 
monitor  numbers  are  specified,  all  unspecified  monitors  are 
automatically  disregarded.  ■ 


Other  Options 


The  post  processor  also  supports  the  following  options: 
Only  generate  a  suflu&ary,  no  data  display. 


- f { name  j 


Do  not  generate  a  summary. 

Generate  output  into  a  file  named  'name'.  This 
option  is  most  useful  on  VMS  systems.  Note  that 
error  information  will  still  be  sent  to  the  termi¬ 
nal.  The  file  name  is  directly  concatenated  to  the 
'f  option  character.  For  example,  if  you  want  the 
output  to  go  into  a  file  named  'data.txt',  you 
would  specify  to  'pp': 


pp  -fdata.txt 


Other  options  may  not  be  used  in  the  same  option 
string  as  the  '-f  option,  after  the  file  name. 


MiSC. 


If  no  options  are  specified,  the  default  is  to  display 
all  monitors  in  base  16,  as  well  as  the  data  summary. 
Displayed  time  values,  as  well  as  data  in  the  summary  sec¬ 
tion  is  always  displayed  in  decimal. 

Example : 

pp  -d  siml 

Display  all  monitors  in  the  data  file  'siml.d'  in  base  10. 
A  summary  will  be  printed  at  the  end. 

Example: 

pp  -b  t3  #12  try.d 

Display  data  for  only  monitors  3  and  12  in  file  'try.d*  in 
base  2.  A  simunary  will  be  printed  at  the  end. 

Simulation  time  is  displayed  whenever  it  changes  rela¬ 
tive  to  the  display  of  monitors,  and  to  determine  the  time 
that  a  displayed  value  occurred,  just  look  backwards  to  find 
the  last  time  entry. 


A-:: 


Due  to  the  implementation  of  the  runtime  conunand  inter¬ 
preter,  names  of  display  commands  will  also  be  placed  in  the 
trace  data  file.  Their  data,  however,  is  shown  on  the  termi¬ 
nal,  and  is  not  placed  in  the  file. 

Currently,  all  monitor  data  is  shown  in  the  same  number 
base.  The  internal  structure  of  the  program  is  set  up  to 

allow  a  separate  base  per  monitor.  To  implement  per  monitor 
display  bases  all  that  need  be  changed  is  the  portion  of  the 
program  which  deals  with  parsing  program  options. 


C  uiti'.ut 


cr>ati!d  Fri  Ju  I  13  12:SGi3i  19(14 
output  to:  slmdata 

All  monitors  displayed. 

Honltors  displayed  In  base  2. 


E  stab  1 

1  5h 

*2  : 

'trace 

;D1I1  read'  at  t  ■  0 

E  s  t  a  b  1 

1  sh 

*2  : 

'trace 

tOXZl  read'  at  t  >  0 

Lstub  1 

1  sb 

•  A  : 

'trace 

:A10J  read'  at  t  •  0 

E  stab  1 

1  sb 

*5  : 

'trace 

:PC  read’  at,  t  •  0 

E  s  t ab  1 

1  9h 

^  u  : 

'trace 

iSR  read'  at  t  •  0 

1.  stab  ) 

I  sh 

*7  : 

'trace 

|A|  read'  at  t  •  0 

E  stab  1 

Isb 

«(1 : 

■  trace 

: A2  read '  at  t  •  0 

1  s  t  a  b  1 

1  sr« 

*9: 

'trace 

lUl  read'  at  t  >  0 

Lstab  1 

1  sh 

«I0: 

' trace 

i02  read’  at  t  ■  0 

E  stab  1 

\  sh 

01  1  1 

'trace 

1  1  1  read  *  at  1*0 

E  stub  1 

1  sll 

01?: 

'trace 

>  1 2  read '  at  t  -  0 

E  stab  1 

i  sh 

•  1  3  I 

'trace 

■ o 1  read ‘  at  1  >  0 

L  stab  1 

1  sh 

«l  4  1 

'  trace 

lAODRESS'  at  t  •  0 

E  stab  1 

1  sh 

015: 

'trace 

mem:A00RESS  read*  at  t  • 

Estab  1 

1  sh 

0  1  Gi 

'  trace 

■AS'  at  t  -  0 

E  s  t  a  b  1 

1  sh 

•I7t 

' trace 

mem: AS  read'  at  t  •  0 

E  a t  ab  1 

\  sh 

0IG: 

'trace 

lODS'  at  t  •  0 

E  stab  1 

1  sh 

*  19: 

' trace 

mein:iJ0S  read*  at  t  ■  0 

E  stab  I 

1  sh 

020: 

' trace 

1  LOS '  at  1  •  0 

Estab  1 

1  sh 

021  : 

'trace 

meni:LDS  read*  at  t  0 

f  s  t  a  b  1 

f  sh 

022: 

'trace 

tOTACK  read'  at  t  *  0 

Estab  1 

I  sh 

023: 

' trace 

mem :DTACK'  at  i  •  0 

C  stab  1 

Ish 

024; 

‘trace 

iR  U‘  at  t  •  0 

1  stab  1 

1  sh 

025: 

■  trace 

meffl:R  U  read*  at  t  ■  0 

E  stab  1 

1  sh 

026; 

'  trace 

;FC‘  at  t  •  0 

Estab  1 

1  sh 

027: 

' trace 

mem:FC  read*  at  t  ■  0 

Estab 1 

1  sh 

028: 

'trace 

■DATA  read'  at  t  ■  0 

Estab  1 

\  sh 

029: 

' trace 

memiOATA  read'  at  i  ■  0 

'trace  iLDS*  -  00000001 
'trace  lUOS'  ■  0000X1001 
'trace  :AS'  ■  00000001 
'trace  iK.W  ■  00000001 

'trace  >FC'  •  00000010 

'trace  ; ADDRESS'  -  000000000000100000000000 

'trace  iLOS'  -  00000000 
'trace  lUDS'  >  0000X1000 
'trace  lAS'  •  00000000 

'trace  memiUAIA  read'  ••  0000000000000001 
'trace  memiUATA  read'  •  00 1  1 01000000000 1 
'trace  meniiOTACK'  ■  00000001 

'trace  iLOS'  •  00000001 
'trace  lUDS'  ■  000OU001 
'trace  lAS'  •  00000001 

'trace  mem:  DATA  read'  <•  0000000000000000 
'trace  mem:DTACK'  *  00000000 

'trace  :Fr'  •  00000000 

'trace  lAUORESS'  •  000000000000000000000000 
'trace  :II  real'  ■  0011010000000001 
'trace  iPC  read'  •  00000600000000000001000000000010 
'trace  iDI  read'  •  0000000000000000000000000101010101010101 

'trace  iSR  read'  ■  0U0O0O0000000O00 

'trace  i SN  read'  •  0000000000000100 

'trace  iD[2}  re.id'  *  00000000000000000 1  0 1  01 0  1 0  I  O  I  0  I  01 
'trace  iSK  read'  ■  0000080000000100 

'trace  iSR  read'  «  0000000000000100 


'trace  iR_V< 


00000001 


'trace 
'  trace 


iFC  •  00000010 

■ADDKCSS'  •  000008000000100000000001 


A-22 


t  •  6bif 


*20  'trace  iLOS'  ■  00300000 
aiB  'trace  lUOS'  •  ee0eUif0i( 

•  lb  'trace  ■  AS '  •  <lflau8OO0 

*29  'trace  luemiDATA  read'  ■  tfd00000011(i000e0 1 
*29  'trace  inemiDAIA  read'  ~  0011010000000001 
*23  'trace  mem i DTACK ‘  •  00000001 

t  •  Sb0 

*20  'trace  :L0S'  «  00000001 
•le  'trace  lUOS*  •  03000001 
•iC  'trace  lAS'  •  00000001 

•29  'trace  memsOAIA  read'  •  0000000000000000 
•23  'trace  mem.OTACK'  •  00000008 

t  •  1020 

•26  'trace  :FC'  •  00000000 

•  14  'trace  -.ADDRESS'  •  000000000000000000080000 

•  11  'trace  ’ll  real'  «  00  I  1 0  1 000000000  I 

•  S  'trace  >PC  read'  •  0060000000000000000 1 000000000 1 00 

*9  'trace  :D1  read'  •  0000000000000000000000000101010101010101 
•6  'trace  iSK  read'  •  0000000000000100 
•6  'trace  i SH  read'  >  0000000000000100 

•3  'trace  tLlZl  read*  ‘  00000000000000000101010101010101 
«C  'trace  iSR  read'  •  0000000000000100 
•6  'trace  iSR  read'  •  0000000000000100 

t  •  10b0 

•24  'trace  :R  W  •  00000001 

t  •  1  140 

•26  'trace  :FC‘  >  00000010 

•14  'trace  lAOORESS*  -  000000000000100000008010 

t  •  1200 

•20  'trace  tLDS'  ■  00000000 

•IB  'trace  :UDS'  -  00000000 

•16  'trace  ) AS ‘  •  00000000 

•29  'trace  nemtOATA  read'  >  0000000000000001 
*29  ‘trace  memibATA  read'  •  0011010000000001 
•23  ‘trace  memiOIACK'  >  00000001 

t  •  l!>0O 

•20  'trace  (IDS'  •  00000001 

•IB  'trace  tUOS'  ■  00000001 

•16  'trace  >AS'  •  00000001 

*29  'trace  mem; DATA  read'  -  0800000000000800 

•  23  ‘trace  meaiOrACIC'  •  00000000 

t  •  IS60 

•  26  'trace  lEC  «  00008000 

•  14  'trace  i ADDRESS'  •  0000000000011000000000000 
•II  'trace  <11  read'  >  0011010000000001 

•S  ‘trace  iPC  read'  «  00000000000000000001000000008110 
*9  'trace  lOI  read'  •  0000000000000000000000000101010101010101 
•0  'trace  iSK  read*  «  0000000080000100 
•6  'trace  s SR  read'  •  0000000000000100 

•3  ‘trace  ini2]  retd'  •  00000000008000000101010181010101 

•  6  'trace  iSR  read'  •  0000800000000 1 00 
•6  ‘trace  i SR  read'  •  0000880000000100 

t  •  1620 


•24  ‘trace  ;R  W  •  00000001 

t  •  1680 

•26  'trace  ;FC'  •  00000010 

•14  'trace  ’ADDRESS'  ■  000000000000100000000011 

I  •  1740 

•20  'trace  iLDS'  ■  00000000 

•IB  'trace  lUDS'  ■  00000000 

•16  'trace  :AS'  «  80000000 

•  29  ‘trace  mem.-DATA  read'  •  0080000000000001 
*29  'trace  memiDATA  read'  -  0011010000000001 
•23  ‘trace  memiOlACR'  •  00000001 

t  >  2040 

•20  'trace  iLOS’  -  00000001 

•IB  ‘trace  lUUS'  >  00000001 

•16  'trace  >AS'  «  00000001 

•29  'trace  mem;DA1A  read'  -  0000000000000000 

•  23  'trace  mcn:DTACF.*  ■  00000000 

t  ■  2100 

•  26  'trace  iFC  «  00000000 

•14  'trace  ’ADDRESS'  •  000000000000000000000000 

•  II  'trace  ’ll  real'  •  00 1  1 0 1 000008000 1 

•  5  'trace  iPC  read'  ■  0000800000008000000 1 00000000 1 000 

•9  'trace  >DI  read'  •  0000000000000000000000000101010101010101 
•6  'trace  iSR  read'  •  0000800000000100 

•  6  'trace  i SR  read'  «  0000800000000 1 00 

•3  'trace  iDl21  rt-jo'  •  00800000000000000101010101010101 
•6  'trace  i SR  read'  ■  0000800000000100 
•b  'trace  ’SR  read'  ■  0U00800000000I0O 


1  •  2160 

<24  ‘trace  :R  U‘  •  00000001 

t  •  2220 

#26  ‘trace  iTC'  •  00000010 

#M  'trace  iAO0K6S3‘  •  000000000000100000000100 

I  •  2280 

•20  'trace  iLDS'  •  00000000 
<18  ‘trace  lUDS'  -  OOUOCHOO 
#16  ‘trace  :AS‘  •  00000000 

#2^  ‘trace  memiDATA  read'  •  0000000800000001 
#29  ‘trace  nieni:UATA  read'  •  0011010000000001 
<23  ‘trace  mem i 01 ACK '  •  00000001 

t  •  2580 

#20  ‘trace  iLOS'  •  00000001 
#IB  ‘trace  :U0S‘  -  00000001 
#16  ‘trace  :AS'  •  00800001 

*29  ‘trace  memiUATA  read'  “  0008000000000000 
#23  'trace  mem:  D  1  ACt^.  ‘  •  00008000 

t  •  26*0 

#26  ‘trace  iFC  •  00000000 

#14  'trace  lAUOHLSS'  •  008000000000000000000008 
#11  'trace  :ll  real'  •  0811010000000001 

<5  'trace  ifC  read'  •  00000000000000001)001000000001010 
«S  ‘trace  :81  reid'  •  8080000000000000080008000101010101010101 
#6  'trace  iSR  read'  •  0000080000000100 
•6  ‘trace  :bM  read'  •  0000800000000100 

#3  'trace  lUtZl  read'  •  00000000000000000101010101010101 
#6  'trace  iSK  read'  •  0008000000000100 
•6  ‘trace  t SR  read'  •  0000008000000100 

t  ■  2700 

#24  'trace  :H  W‘  -  00000001 

t  •  2760 

#26  ‘trace  iFC  •  00000010 

<14  ‘trace  .-AOURCSS'  •  000000800000100000000101 

t  =■  2020 

#20  'trace  ^LDS'  ■  00800080 


3120 


t  >  3180 


#18 
«  I  6 
#29 

•  29 
<2  3 

3 

#28 

•  I  8 

•  16 
#29 
#2  3 

3 

#26 

<  1  < 
•  I  I 


'trace  lUUS'  •  00000000 
'trace  iA'3'  •  00000000 

‘trace  memtCATA  read'  ■  0000000000000001 
'trace  meni:OATA  read'  *  0011010080008001 
‘trace  men < U 1 ACK ‘  •  OB0O060I 

‘trace  :Ln3'  -  00000001 
‘trace  tUl/S'  ■  00080001 
‘trace  tAS'  ■  00000001 

'trace  mem: DATA  read'  -  0000000000000000 
‘trace  memiOIACl.'  •  00000000 


trace 
'  trace 
'trace 


:rc' 


00000000 


#5 

'  trace 

iPC 

read '  • 

»’} 

‘  trace 

III] 

read’  • 

#0 

'  trace 

I  SR 

read'  • 

•  C 

‘  1  race 

!SR 

read'  • 

#3 

‘  trace 

1  0 1  2  J  r  e  id  ’ 

#6 

'trace 

iSR 

read '  • 

•  6 

'  trace 

iSR 

read'  • 

t 

■  3240 

#24 

‘  trace 

iR_W' 

t 

•  3300 

#26 

’  trace 

irc  • 

#14 

‘  trace 

lAUCiRE 

t 

•  3360 

#20 

‘trace 

:LOS‘ 

*10 

‘trace 

;UOS‘ 

•  16 

•  trace 

:AS‘  • 

:AD0R£S'3'  •  000000000000008008000000 
:ll  read'  •  0011018080000001 

00008000000080000001000000001  I  80 
0oo0iie«080eo00oo0oa000e08 10 101 0 i 01010 101 
0000808000000100 
0088800000000180 

•  00000008008800000181018101010101 
0008888808080  1 00 
8OU0O00008000 I 00 

>  00080801 

00000010 


3060 


3720 


80080000 
08000800 
08080000 

#29  ‘trace  mem.-OATA  read’  -  0088000011010000 
#29  ‘trace  mem;UATA  read'  >  0100111011010000 
#23  ‘trace  memUTACK'  •  00080081 

#28  ‘trace  >LI)S‘  >  00008001 
#18  ‘trace  lUOS'  ■  08000001 
#16  ‘trace  lAS'  >  88000001 

#29  ‘trace  mem-UAlA  read'  >  0000080800000000 
#23  ‘trace  memiDlACK'  *  00088000 

#26  ‘trace  iFC*  ■  80000000 

#14  'trace  lAODRESS'  ■  000000000000800000000080 
#11  'trace  <11  read'  >  0 1 00  I  1  1 0 1  1 0 1 8000 
#5  ‘trace  tPC  read'  ■  0O00000088000eo0O0O|OO00gOO0| | |0 
#5  ‘trace  iPC  read'  ■  0080000800080800000 |0oO0«e0e080O 


A -24 


isaenDut  1 


t 

• 

37B0 

*24 

'  trace 

t 

• 

3E40 

#26 

'trace 

«  1  4 

'trace 

1 

• 

3900 

#36 

'trace 

#  1  B 

'trace 

#  1  fc 

‘trace 

#29 

‘trace 

#?9 

'trace 

#23 

'  trace 

t 

• 

4  260 

#26 

'trace 

#  1  U 

'  trace 

#  1  6 

' tr  ace 

#29 

'  trace 

#23 

'trace 

t 

• 

42a0 

#26 

'trace 

«  1  4 

'  trace 

#  1  1 

'trace 

#S 

'  trace 

#9 

'  trace 

#6 

'  tr  ace 

•  b 

'trace 

•  3 

'trace 

*6 

'trace 

#6 

‘  trace 

t 

c 

4330 

#34 

'trace 

1 

• 

4300 

#26 

•  trace 

•  1  4 

'trace 

t 

« 

4440 

#30 

'trace 

#10 

'trace 

#16 

'trace 

#39 

'  trace 

#39 

'trace 

#33 

’  trace 

t 

* 

4740 

•  30 

'  trace 

#lfl 

‘ tr  ace 

#lb 

' trace 

#29 

'  trace 

#23 

‘  trace 

t 

• 

4800 

#?b 

'  trace 

#14 

' trace 

#  1  1 

'  trace 

#5 

'  trace 

#9 

’  trace 

•  6 

'll  ace 

#(> 

’  t  r  ace 

#3 

'trace 

«G 

'  trace 

•  6 

'trace 

t 

p 

4860 

#24 

'  trace 

t 

p 

4920 

#36 

'  trace 

«  1  4 

' trace 

1 

s 

4  9UK 

#20 

'trace 

#  1  8 

‘trace 

#  1  6 

' trace 

#29 

'  trace 

#29 

‘  tr  ace 

•  ZJ 

‘trace 

t 

p 

S280 

#30 

'  trace 

#18 

‘trace 

#16 

'  trace 

#29 

'  trace 

#23 

‘  trace 

t 

p 

S340 

#36 

'  trace 

#  1  4 

'trace 

#  1  1 

'  trace 

#5 

'  trace 

•  9 

'  trace 

iFC  •  rfti0000)£l 

:AUOKEGS'  ■  ooBa0a00i)0Boi0inioo^a0aae 


iLOS‘  -  000OaB00 
:UlrS'  •  BBUBU0B0 
iAS‘  •  00006000 

mcncUATA  read'  ••  0000000660060001 
memiDATA  read'  ••  6011016000006001 
mem : 01  AC K'  *  00000001 


iLOC  -  00000001 
tUnS'  •  00000001 
<AS'  »  00606001 

mera:OATA  read'  -  0600000000060000 
nemiOTACF'  •  60006600 


:FC  ' 


;AOORt'JS  ' 

:  1  1  real' 

:  PC  read'  • 
I  (>  1  read  '  • 

1  S  K  read'  • 
iSR  read'  • 
■0(21  read ' 
1  SB  read'  • 
iSH  read'  • 


60000000 


600006600666000600060000 
•  OKI  1010006000001 
ooijo0U000ooe»O00O0oi0ee000O00ot  0 
06660000060600006600606001010)0101010101 
oottooKoeooeooioo 
eU60>)6d06OUe6)  60 

0o>i60eo0oo60e0000i0i0i0i0i0i0i0i 

0000660000006100 

0000600600006100 


iR  W 


00000001 


:FC'  •  00000010 

;A0UReSS'  •  000000600000 >0000000000 1 


UUS'  •  000011000 
iUOS'  ■  600011000 
I  AS'  «  60000000 

memiUATA  read'  -  0000000000000001 
menilMTA  read'  •  6011016000000001 
mcMiOTACK'  •  60600601 


il  OS' 
lUUS' 

I  AS'  ' 


•  00660001 
•  00000001 
60000001 

U  read'  ■  0000006000000000 
VCK*  «  0BB0B00D 


iFC 


lAOORESS' 

I  I  I  read ' 
iPC  read'  • 
«l)l  read'  « 
«SR  read'  > 
I  SR  read'  • 
I  U  (  2  1  r  e  id  ' 
I  SR  read '  > 
I  SR  read'  • 


00000000 


000600000606000000060000 
>  00)1010080060001 
0060666800806000000  I  000000000 1 00 
000666600660606000006000010101 0101010)01 
0006606600066  I  60 
00006600000061 00 

•  006600000060660001010101010)0101 

0IIO66O6006O06100 

0000006000006100 


trace  iR_W'  -  06600001 


iFC  >  60000010 

•.AOOKESS'  a  0001100000086100000060010 


;1DS'  •  06060066 
:U0S'  •  00000606 
;AS'  ■  60000000 

liiemiDATA  read'  >  060000600000000 1 
memiDATA  read'  -  801)010000000001 
memiblACK'  •  00600081 


:LDS  ' 
I  DOS' 


•  06000001 
•  00600601 

FA  read'  -  0000080000000000 
tCK'  •  00000000 


iFC 


<DI 


60000060 

DRESS'  ■  008000000000000000060000 
read'  -  nO) 1010000060001 
read'  •  00000000000000600001000000000)10 
read'  •  0000000600000000000000000101010101010)01 


A-25 


L. 


:y:< 


^4  • 


'trace  : 5h  read'  ■ 
'trace  ::>«  read'  • 
'trace  i  D I  2  ]  r  e jd ' 
'trace  iSh  read'  • 
'  trace  t  SR  read '  • 


t  >  SSBC 


t  ■  0360 


0dOBdU00d060016e 

eU000000000it01H0 

•  0di<Od0Uu(lfl000O0U0l0  10  I  0  1610  10101 

0uoacu000itu00iee 

0000000000000100 


•trace  ifi^W 


00000001 


'trace  tfC  -  00000010 

'trace  lAUURLSS'  •  000000000000100000000011 

'trace  iLDS'  -  00000000 
'trace  lUUS'  *  00000000 
'trace  >AS‘  •  00000000 

'trace  ncni;l)ATA  read*  *  0000000000000001 
'trace  memiOAlA  read'  •  OO I  I  0 1 000000000  I 
'trace  raem  i  DTACr^ '  •  00000001 

'trace  iLPS'  -  00000001 
'trace  :UUS'  •  00000001 
'trace  :AS'  •  00000001 

'trace  nemiDATA  read'  •  0000000000000000 
'trace  m«iii:OTACK'  '  00000080 


'trace  i  AUUR  ESS ' 
'trace  : II  real' 


00000000 


'trace 
'  trace 
'trace 
'trace 
'trace 
'  trace 
'  trace 


iPC  read'  • 
I  ti  I  read'  • 
I  SR  read  '  • 
iSR  read'  • 
i0t2]  read' 
I  SR  read'  » 
I  SR  read'  • 


'  000000000000000000000000 
•  001 1010000000001 
00000000000000080001000000001000 
0000000000000000000000000101010101010101 
UO0O00001I00B010O 
0000000000000100 

«  O00O00O00O00U000UI010101O1010101 
0000000000000100 
0000000000000 1 00 


'trace  :R_W'  ■  00000001 
'trace  iFC  ■  00000010 

'trace  i ADDRESS'  >  000000080000180000000100 

'trace  (EDS'  •  00800000 
'trace  tUUS'  •  00000000 
'trace  :AS'  '  00000000 

'trace  meniiOATA  read'  -  000000O0O00H000 1 
'trace  memiliAlA  read'  •  0011010000000001 
'trace  f.eni :  U1 ACK  '  >  00000001 

'trace  ilOS'  ■  00000001 
'trace  :UUS'  •  00000001 
'trace  iAS'  •  00000001 

‘trace  mem: DATA  read'  -  0000000000000000 
'trace  nem  :  OTACt' '  *  00000000 


'trace 


'trace  iAOOkES'J' 
' trace  i I  1  read ' 
'  trace  i PC  read ' 

■  trace  1 0  I  read ' 
'trace  i SR  read' 
'trace  i SR  read' 

' trace  i 01 2  J  re  id 
'trace  iSR  read' 
'trace  <  SR  read' 


00000000 


>  000000000000000000000000 
•  001 I01000B000O0I 
00000000000000000001 00000000 1010 
0000000000800000000000000 10 101 01 01 0101 01 
0000000000000100 
0000000000000  I  00 

•  00000000000000000101010101010101 
0000000080000100 
0080000000000100 


121  'trace  sR_W‘  -  00000001 
>26  'trace  '.PC'  ■  00000010 

>1«  'trace  lADDHESS'  ■  000000000000100000000101 

>20  'trace  slDS'  ■  00000060 
>10  'trace  lUUS'  •  00000000 
>H.  'trace  :AS’  •  08000000 

>29  'trace  mencUATA  read'  •  0800008000080001 
>29  ‘trace  memiDATA  read’  •  0011010000000001 
>23  'trace  meniiOTACK'  ■  00800001 


1  •  C9i)i) 

#2*!  'trace  iLOr.'  •  Ul«00i100l 
*IB  'trace  :  UUi; '  •  00000001 

•  1C  'trace  lA'J'  >  00000001 

•  29  'trace  mem:  DATA  read'  ••  0000000000000000 
•23  'trace  memiUlACK'  •  00000000 

t  *  6960 

•  26  'trace  -.FC  •  00000000 

•  M  'trace  :AUt}KESS'  •  000000000000000000000000 

•  II  'trace  :ll  reaj'  -  00 11 0  I  e0000«i0HO  1 

•  5  'trace  iHC  read'  •  OOOO>lO00O00O000tlO.  0  1  00000000  I  I  00 

•  9  'trace  >Ul  read'  •  0M0  OilU0OOOOOO00U0t’OOOOOO0  1  0  1 0  I  0  1  0  1 0  1 0  1  0  I 

•  C  'trace  iSR  read'  •  0Olii>OO00Oti000 1 00 

•  6  'trace  :  Sft  read'  •  0000000000060100 

•  3  'trace  iDl2]  road'  ■  00000000000000000 1 0 1  0 1  0 1 0 1 0  I  0 1 0  I 
•b  'trace  tSR  read'  >  0000000000000100 

•  6  'trace  ■  SO  read'  •  0000000000000100 


Summary  of  trace  data: 

•3:  'trace  iD[21  read'  12  entries. 

•6:  'trace  iHC  read'  14  entries. 

•  fe:  'trace  :Sr.  read'  4B  entries. 

•9i  'trace  iCl  read'  12  entries. 

*11:  'trace  ill  re.sd'  13  entries. 

•14;  'trace  lAOORCSS'  26  entries. 

•Ihi  'trace  :AS'  27  entries. 

•  Ill:  'trace  lUOS'  27  entries. 

•20:  'trace  iLDS'  27  entries. 

•21:  'trace  memiOIACK'  26  entries. 

•24:  'trace  iR  W  14  entries. 

•26;  'trace  :FC'  26  entries. 

•  2'i:  'trace  mea::0ATA  read'  39  entries. 
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Appendix.  B*.  ISP'/CLL  Declarotion  Sections 


/»  $/ 

/*  MCobOOO  ISP'  Model  Structure  Declarations  »/ 

/»  »/ 


state 


/t  %/ 

/%  MoL'OOO  PrograBiOiing  Registers  <•/ 

/»  *:/ 


D[o:7]:3i  :o' , 
ACo:6i:3i;o; , 
UA7;3i:o>, 

SA7  ;3i;o>, 
pc;3i:o>, 
SR<15:0: , 


0  Data  Registers 
7  Address  Registers 
User  Stack  Pointer 
Systeni  Stack  Pointer 
Prog  rail  Counter 
Status  Register 


/%  %/ 

/%  Teriiporory  Internal  Registers  t/ 

/%  %/ 


PFR<1S;0>, 

ir-«i5:o>, 

FC<2:0>, 

EXDDUF<15;0>, 

EXADUF<12;i:^ , 

ALUDUFl  ::3i:0;.  , 

ALUDUF2<3i;0>, 

I.TFMP<15;0>, 

Dlsr:£G<3i;0>, 

SRTCMP  .15  ;o:.  , 

if-iT£MP<:i5;o;.-, 

TEmPADR<31:0>, 

ACTYPE<15:0:>, 

VECADP;:;23.‘0:>, 

HANADR  :3i  ;o:  , 


Prefetch  Register 

Instruction  Register 

Function  Code  Register 

E.xternal  Dato  Dus  Duffer  Register 

External  Address  Dus  Duffer  Register (chonged ) 

ALU  Duffer  1 

ALU  Buffer  2 

Teniporary  Data  Storage 

Teaporary  Displacenient  Storage 

Teniporary  Status  Register  Storage 

(Exception  Processing) 

Temporary  Instruction  Register  Storage 
(Exception  Processing) 

Teisporary  Cycle  Address  Storage 
(Exception  Processing) 

Temporary  Access  Type  Storoge 
(Exception  Processing) 

Teaporury  Vector  Address  Storage 
(Exception  Processing) 

Teiiporary  Address  Storage  For 
Exception  Hondler  Routine 


T<7:0>, 

!  Clock  Cycle  Counter 

RESET, 

!  Reset  Flip-Flop 

HALT, 

!  Halt  Flip-Flop 

RU, 

!  Read/Write  Flip-Flop 

ADENABLE, 

!  Address  Bus  Buffer  Enable 

UBENABLE, 

!  Data  Bus  Buffer  Enable 

ASN, 

!  Address  Strobe  Flip-Flop 

LDSN , 

!  Lower  Data  Strobe  Flip-Flop 

UDSN, 

!  Upper  Data  Strobe  Flip-Flop 

DTACKN, 

!  Data  Transfer  Acknowledge  Flip-Flop 

COOT, 

!  Carry  Flip-Flop 

EXCEPT, 

!  Exception  Processing  Flip-Flop 

READY, 

!  Ready  Flip-Flop 

/%t%%tttt%%*%%ti^*%t**v.**%*yt%**%t*******tt***%t*%*t*%t*%%**.**i<i%t*t**t*%*t/ 
/»  t/ 
/%  Model  trar.sforoiation  niodif icationst  %/ 
/%  %/ 
/%  1)  CDL  decoder  structure  nonexistent  in  ISF"  and  un-  %/ 
/%  necessary  for  model ,  Eliminated*  */ 
/%  2)  Multi-phase  clocU  structure  nonexistent  in  ISP'*  */ 
/%  Operations  on  registers  will  provide  its  equivalent*  %/ 
/%  3)  Switch  structure  nonexistent  in  ISP'.  Operation  on  a  */ 
/*  register  will  provioe  its  equivolent*  %/ 
/%  The  declared  bus  structures  are  oiodeled  with  registers  %/ 
/%  without  loss  of  model  accurracy*  This  done  to  mointain  model  */ 
/t  equivalency  and  simplicity.  ♦/ 
/»  5)  The  memory  word  length  was  reduced  from  16  to  8  bit  »/ 
/%  words  to  coincide  with  the  ECP's  32-Kbyte  mesiory,  to  agree  with»/ 
/*  their  PC  incrementation^  and  to  enable  the  use  of  existing  %/ 
/%  HC6B000  assembler  and  linKer/loader  models*  The  memory  was  %/ 
/%  also  reduced  from  8  Mwords  to  32  Kbytes*  %/ 
/%  */ 


IhliUS<3i:0>, 

]D8LIS<3:;0>, 

SWITCH, 

PHIl, 

PH12; 


!  Internal  Address  Bus 
!  Internal  Data  Bus 
Pffwer  Switch 

Phase  1  Of  Two-F’hose  ClocK 
Phase  2  Of  Two-Phose  ClocK 


/*  t/ 
/%  External  Address  and  Data  Bus  t/ 
/%  %/ 


DBUS<15;0>, 
ABUS  :;23:i>; 

f  oribut 


!  Data  Bus 
!  Address  Bus 


/%  X/ 

/%  Register  Sutfields  %/ 

/X  X/ 

/%%%%t%%%%%%%%%%%.%%%%%%%%%%%%.%%t%%%%%%%X%%1I.K.%%%%%%%%%%%%%%X%%%XXX%%%%XXX/ 

RCAIHiR 

z 

PC<23:0>,  ! 

Prografii  Counter  Address  Field 

SRTRACE 

= 

SR<15>,  ! 

Truce  Fit 

SRMODE 

= 

SR<13>,  ! 

Mode  Selection  Bit 

DRCARRY 

= 

SR<0;i ,  ! 

Curry  Fit 

SROVER 

= 

SR<1>,  ! 

Overflow  Fit 

EiRZERO 

= 

SR<2> ,  ! 

Zero  Fit 

SRNEG 

= 

SR<3>,  ! 

Neoutive  Fit 

SREX 

= 

SR<4>,  ! 

Extend  Fit 

SRrtASK 

= 

SR<10:8>,  ! 

Interrupt  Musk 

FCSPACE 

= 

Fca;o>,  ! 

Meniory  Access  Address  Space 

FCMODE 

= 

FC<2> ,  ! 

User/Supervisor  Mode  Fit 

PCLCJU 

= 

PC<15;0>,  ! 

PC  Low  Word 

PCHI 

= 

PC<3i:i6>,  ! 

PC  High  Word 

DOLUORIi 

= 

IiE03<15:0>,  ! 

[iC03  Lou  Word 

[ilLUORD 

= 

IiC13<15:0>,  ! 

DC  13  Lou  Word 

LI2LUORII 

= 

IiC2D<15;0>,  ! 

IIC23  Lou  Word 

D3LW0RD 

= 

IiC33<15:0>,  ! 

DC 33  Low  Word 

I14LU0RII 

s 

IiC43<15:0>,  ! 

DC 4 3  Low  Word 

DSLUORIi 

z 

riC53<1550>,  ! 

DCS3  Lou  Word 

Ii6LU0R[i 

s 

IiC63<15:0>,  ! 

DC63  Low  Word 

DZLWORD 

= 

rfC73<15;0>,  ! 

DC  73  Low  Word 

DISREGHUORD 

= 

riISREG<31U6>,! 

DISREG  High  Word 

KISREGLWORIi 

= 

riISREG<15:0>,  ! 

DISREG  Low  Word 

HANAIiRLOU 

z 

HANAIiRa5J0>,  ! 

HANADR  Low  Word 

HANAIiRHI 

z 

HANAIiR<3iJ16.'5,! 

HANADR  High  Word 

TEMPAHRLOU 

= 

TEMPAliR<15;o;>,  ! 

TEMPADR  Low  Word 

TEHPAIiRHI 

= 

TEMPAIiR<3i:i6>J 

TEMPADR  High  Word 

nie»ory 

/X  X/ 
/X  16K  16-Fit  Word  Interr>al  tteftory  %/ 
/X  X/ 

/%%%%t%%%%%%%^.%%.%%%%%%%%ii.%t%%%xt%%%1i.%%%%%%%XtXXX%%%XXXXX%%%XXX%X%%%X%XX%/ 

MC0:32767D<7:0>; 

$  Programming  registers 
Register,  00(0-31), 
01(0-31) , 
02(0-31), 
03(0-31), 
04(0-31), 
05(0-31), 
06(0-31), 
07(0-31), 
A0(0-31) , 
Al(0-31), 
A2(0-31), 
A3(0-31), 
A4(0-31), 
A5(0-31), 
a6(0-31), 
UA7(0-31), 
SA7(0-31) , 

PC(0-31) , 
SR(0-15), 


^>data  registerr: 


$address  registers 


$user  stack  pointer 
^supervisor  stack 
pointer 

^program  counter 
^status  register 


Internal  registers  (defined  by  authors) 


Register,  PFR(0-15), 
IR(0-15), 
FC(0-2) , 
EX0BUF(0-15) , 

EXABUF(0-15), 

ALUBUF1(0-31) , 
•  ALUBUF2(0-31), 
0TEMP(0-15), 

0ISREG(0-31) , 

SRTEMP(0-15), 


IRTEMP(0-15) , 


$prefecch  register 
instruction  register 
function  code  register 
ixternal  data  bus 
buffer  register 
^external  address  bus 
buffer  register 
$ALU  buffer  1' 
iou  buffer  2 
^temporary  storage  for 
data 

^temporary  storage  for 
displacement 
$teniporary  storage  for 
status  register  (used 
for  exception 
processing) 

^temporary  storage  for 
instruction  register 
(used  for  exception 
processing) 

$  temporary  storage  for 
current  cycle  address 
(used  for  exception 
processing) 


TEMPADR(0-31) , 


$  Subregister 
Subregisters , 


w^vni 


;v^ 


ACTYPE(0-15)  , 

$temporary  storage  for 
access  type  information 
(used  for  exception 
processing) 

VECADR(0-23)  , 

$teraporary  storage  for 
vector  address  (used  for 
exception  processing) 

HANADR(0-31)  , 

^temporary  storage  for 
address  of  exception 
handler  routine  (used 
for  exception 
processing) 

T(0-7), 

$control  register,  clock 
cycle  counter  (reset  at 
end  of  each  instruction) 

RESET , 

$reset  flip-flop 

HALT, 

$halt  flip-flop 

RW, 

ADENaBLE , 

$read/write  flip-flop 

^address  bus  buffer 
enable,  high  impedance 
when  low,  enabled  when 
high 

DBENABLE, 

$data  bus  buffer  enable, 
high  impedance  when  low, 
enabled  when  high 

ASN, 

^address  strobe 
flip-flop 

LDSN, 

Hower  data  strobe 

UDSN, 
DTACnN , 

GOUT, 
EXCEPT , 

ready 


flip-flop 

$upper  data  strobe 
flip-flop 
:^data  transfer 
acknowledge  flip-flop 
(from  peripheral  device) 
5carry  flip-flop 
lexception  processing 
flip-flop 
?READY  flip-flop 
(indicates  processor  is 
ready  after  power  up  or 
reset) 


declarations 

PC(ADDR)«=PC(0-23), 

SR(TRACE)-SR(15), 

SR(M0DE)«SR(13), 

SR(CARRY)-SR(0), 

SR(0VER)-SR(1), 

SR(ZER0)-SR(2) , 

SR(NEG)-SR(3), 

SR(EX)=SR(4) , 


^address  field  of 
program  counter 
^trace  bit 
$mode  selection  bit 
$carry  bit 
^overflow  bit 
$zero  bit 
^negative  bit 
iextend  bit 


SR(MASK)*SR(8-10) ,  ^interrupt  mask 
FC(SPACE)=*FC(0-1) ,  iaddress  space  of  memory 

access 

FC(M0DE)"FC(2) ,  $user  or  supervisor  mode 

bit 

PC(L0W)-PC(0-15),  now  word  of  PC 

PC(HI)-PC(16-31),  $high  word  of  PC 
D0(LW0RD)“D0(0-15) ,  $low  word  of  DO 

D1(LW0RD)=D1(0-15),  now  word  of  D1 

D2(LW0RD)=D2(0-15),  $low  word  of  D2 

D3(LW0RD)=D3(0“15K  $1ow  word  of  D3 

D4(LWORD)=D4(0-15) ,  $low  word  of  D4 

D5(LW0RD)=D5(0-15) ,  now  word  of  D5 

D6(LW0RD)=Dd(0-15) ,  $low  word  of  D6 

D7(LW0RD)«D7(0-15),  $low  word  of  D7 

DISREG(HWORD)=  $high  word  of  DISREG 

DISREG(16-31) 

DISREG(LWORD)»  now  word  of  DISREG 

HANADR(LOW)"  now  word  of  HANADR 

HANADR(0-15), 

HANADR (HI )=  $high  word  of  HANADR 

HANADR(16-31), 

TEMPADR(LOW)»  $low  word  of  TEMPADR 

TEMPADR(0-15), 

TEMPADR(HI)»  $high  word  of  TEMPADR 

TEMPADR(16-31) 

$  Bus  declarations 

Bus,  lABUS(0*3l),  ^internal  address  bus 

ICBliS(0>3l) ,  ^internal  data  bus 

DBUS(0-l5),  ^external  data  bus 

ABUS (0-23)  ^external  address  bus 

$  Decoder  declarations 

Decoders,  A(0-3)“IR(14~15) ,  $decoders  used  to  decode 

various  fields  of  the 
instruction  register 

B(0-3)=IR(12-13), 

C(0-7)-IR(9-ll), 

D(0-7)»IR(6-6) , 

E(0-7)=IR(3-5), 

F(0-7)-IR(0-2), 

G(0-15)-IR(8-11), 

H(0-3)=IR(6-7). 

K(0-256)“T(0-7 )  ^-control  register  (clock 

cycle  counter)  decoder 

$  Switch,  memory,  and  clock  declarations 
Switch,  P0WER(0N,0FF)  -^power  switch 

M(  )»M(0-3388608,0-l5) 

P(l-2)  Hwo  phase  clock 


Memory , 
Clock, 


Appendix  C:  ISP'  Models  of  MC68000  Instructions 


The  ISP'  descriptions  for  each  of  the  modeled  MC68000 
instructions  or  exception  sequences  appear  in  this 
appendix.  They  are: 


ISP'  Model  Page 

1.  MOVE.W  D1,D2  C-3 

2.  MOVE.W  Dl, (Al)  C-16 

3.  MOVE.L  D1,A1  C-31 

4.  MOVE.W  Dl, (Al)+  C-44 

5.  MOVE.W  D1,04(A1)  C-62 

6.  MOVE.W  D1,04(A1,D7)  C-79 

7.  MOVE.W  Dl,$2004  C-97 

8.  MOVE.W  A1,D3  C-114 

9.  MOVE.W  (Al) ,D2  C-128 

10.  MOVE.W  (A1)+,D6  C-143 

11.  MOVE.W  -(A1),D4  C-161 

12.  MOVE.W  04(A1),D1  C-179 

13.  MOVE.W  04 (A1,D7) ,D2  C-196 

14.  MOVE.W  $2004,05  C-214 

15.  MOVE.W  $2004,82008  C-231 

16.  MOVE.W  #$5555, Dl  C-256 

17.  ADD.W  D3,D5  C-271 

18.  BEQ  START  C-291 

19.  BTST  D1,(A1)  C-310 


20.  ILLEGAL  INSTRUCTION  EXCEPTION 


C-328 


/»  %/ 

/%  MOTOF^OLA  hC6B000  MODEL  OF  THE  MDVE.U  D1,D2  INSTRUCTION  %/ 

/%  %/ 

/%  %/ 

/%  Strijctur-t'  Declarations  %/ 

/%  %/ 

state 

/%  %/ 

/%  H6S000  froqraniiiiing  Registers  %/ 

/%  %/ 


D[o:73  ;3i:o>, 
ALo:<6D<3i:o>, 
UA7<3i;0>, 
SA7<3i;0>, 

RC <3i;o>, 
SR'15;0> , 


8  Data  Registers 
7  Address  Registers 
User  Stack  Pointer 
System  Stack  Pointer 
Program  Counter 
Status  Register 


/%  %/ 

/»  Teaiporary  Internal  Registers  »/ 

■'%  %f 


pfr  ::i5;o:  , 
IR<l!j  J  0>  f 

rc<2;o; , 

EXDPUF<15;0:; , 
EXADUF<23:i:>, 
ALUDUFl  ::3i;0>, 
ALUDUF2<3i;0>, 
DTEMP  ::i5;0>, 
lilSREG<3i:0>, 
SF;TEMP<15:0;  , 

IRTEMF'ClSiO. 

TEMPADR  ::3i;o:  > 

ACTYPEaSSO, 

VECADR<23:0>, 


Prefetch  Fsegister 

Instruction  Register 

Function  Code  Register 

External  Data  Bus  Buffer  Register 

Externol  Address  Bus  Buffer  Register(changBd) 

ALU  Buffer  1 

ALU  Buffer  2 

Temporary  Date  Storoge 

lemporary  Displacement  Storage 

femporory  Stotus  Register  Storage 

(Exception  Processing) 

Temporary  Instruction  Register  Storage 
(Exception  Processing) 

Temporary  Cycle  Address  Storage 
(Exception  Processing) 

Temporary  Access  Type  Storage 
(Exception  Processing) 

Temporary  Vector  Address  Storage 
(Exception  Processing) 


HANAiiR<3i  :o:  , 


HANAiiR<3i  :o:  , 

'  Temporary  Address  Storage  For 
!  Exception  handler  Routine 

T<:v:o.; , 

!  Clock  Cycle  Counter 

F-;ECET , 

!  F^eset  Flip-Flop 

HALT, 

'  Holt  Flip-Flop 

RU, 

i  Fiead/Urite  Flip-Flop 

AHENAHLE, 

!  Address  Hus  Buffer  Enable, 

HHENAHLE, 

!  Hata  Hus  Hui''fer  Enoble 

ASN, 

'  Aodress-  Strobe  Flip-Flop 

LHSN, 

!  Lower  Data  Strobe  Flip-Flop 

UDSN , 

!  Upper  Data  Strobe  Flip-Flop 

01 ACKN . 

!  Data  Transfer  Acknowledge  Flip-Flop 

COUT, 

'  Carry  Flip-Flop 

EXCEPT, 

!  Exception  Processing  Flip-Flop 

REAHY , 

!  Ready  Flip-Flop 

/%  %/ 

/%  Model  transtorniation  modif icutionsJ  %/ 

/»  %/ 

/%  1)  Cl'L  decoder  structure  nonexistent  in  ISP'  and  un-  */ 

/*  necessary  for  Biodel.  El  iiiiinated .  »./ 

/*  2)  Multi- phase  clocK  structure  nonexistent  in  ISP'.  %/ 

/%  Operutions  on  registers  will  provide  its  equivalent.  %/ 

/*  Switch  structure  nonexistent  in  ISP'.  Operation  on  a  %/ 

/%  register  will  provide  its  equivalent.  %/ 

/*  4)  The  declared  bus  structures  are  siodeled  with  registers  %/ 

/%  without  loss  of  model  accurracy.  This  done  to  maintoin  niodel  %/ 

equivalency  and  simplicity.  */ 

/%  5)  Tne  niamci'v  word  length  was  reduced  from  16  to  8  bit  %/ 

'%  words  to  coincide  with  the  ECB's  32-Kbyte  meDiory*  to  agree  with*/ 

/»  their  PC  increiiientation,  and  to  enable  the  use  of  existing  */ 

/*  ML6B0O0  assembler  and  linKer/loader  models.  The  memory  was  */ 

/t  also  reduced  from  8  Mwords  to  32  Kbytes.  */ 

/*  »/ 


lABUS-::3i:0>, 
IIi£iUS<3i:0:  . 
SUITCH, 

PHIl , 

PHI  2; 


!  Internal  Address  Hus 
!  Internal  Data  Hus 
!  Power  Switch 

'  Phase  1  Of  Two-Phase  ClocK 
!  Phase  2  Of  Two-Phase  ClocK 


port 


n  %/ 

/t  External  Address  ond  Data  Hus  %/ 

/♦  */ 


[iHUS  :i5!0>r  !  External  I'ota  Hus 

At>U0  ,235  1  J  i  External  Address  Hus(changed) 


Tcrfii'it 


/» 

/* 

ReQiitt-T  Gubfields 

*/ 

*/ 

/»  */ 

PCftfiDR 

- 

PC<23:0  -  , 

1  r-rocroi!.  Counter  Address  Field 

grtrace: 

r 

GR:;i?>, 

!  Trace  Cut 

SRHOIiE 

= 

SR::13V, 

!  .Aode  Ge lection  Pit 

GRCARRY 

= 

SR<0; , 

1  Cbirry  Iiit 

SROVER 

= 

3R<1>, 

!  Overflow  Pit 

BRZERO 

= 

GR<2; , 

!  Zero  Pit 

SRNEG 

= 

5R<3>, 

1  Negative  Pit 

SREX 

= 

Gfi  ''%4  ^  t 

!  Extend  Pit 

SRMASK 

= 

SK'.  10 1 S  f 

!  Interrupt  hask 

rCGPACE 

r- 

FC<i:o>, 

!  heniory  Access  Address  Gpace 

FCrtODC 

= 

FC<2>, 

!  User/Gupervisor  node  Pit 

PCLCIU 

- 

PC  ;i5t0;  , 

!  PC  Low  Uord 

RCHI 

n 

PC  ::3i:i6>, 

!  PC  High  Word 

HOLUQRIi 

ucojaGto, 

!  DCOO  Low  Word 

rilLUORti 

DEU  ;i5:o>, 

!  DC  11  Low  Uord 

Li2LWCiRli 

= 

11C23 

!  IiC23  Low  Word 

D3LU0Rti 

= 

IiC3]a5!0>, 

!  DC 33  Low  Uord 

li4LW0R[i 

= 

ii[43  ;ig:o>, 

!  Dr43  Low  Uord 

DZLU0f:0 

= 

RESjasio.-', 

)  DC S3  Low  Word 

L>6LUGRli 

11L6]  ;i5'.o>, 

!  DC63  Low  Uord 

dvluord 

= 

[iL’7]<i5:o; , 

'  DC  73  Low  Word 

LUSflEGHUDRli 

liISRE6:3i:i6> 

» !  DISREG  High  Word 

Hlb'REGLWORIi 

= 

Cl  I  GREG  a  5.' 0>, 

!  DISREG  Low  Word 

HANAliRLOU 

= 

HANAiir;<iG:o:; , 

!  HANADR  Low  Word 

HANAI'RHI 

= 

HANACiR 'Gr.u:; 

,  !  HANACiR  High  Word 

TEMPAliRLOW 

= 

TEMPAriR<15;0> 

, !  TEMPADR  Low  Word 

TEMPAtiKHI 

= 

TEnPAIiR  :3i:io 

'5 !  TEMPADR  High  Word 

meniDry 


n  %/ 

/>■  161.  Ic-lut  Word  InttiTnil  fitniory  */ 

/»  »/ 

rt[0;32767D  :7:o>; 


lii'ic  ro 


*/ 

/»  L091C  Lt'vel  fiacrt'S  %/ 

/»  t/ 


C 


/  It:  y  !|;  y:  ¥  y:  V  « It:  ^  » it- 4^' « If:  It- ^  y.  It:  It:  4  «;  ¥  It; «:  <; )):  ¥  ¥  y.  ¥  V  ¥  «:  y;  ^  H:  !c  r.  y  ¥  It; «:  :i.  K  x;  )*:  C  x  iC  it:  C  ¥  »  / 


lo  =01, 

til  =-■  1  li, 

oft  =04, 

on  =14, 

cleor  =04; 

/yy¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥V¥¥¥¥ii:¥¥¥¥¥¥y:¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥y¥¥¥¥¥¥y-¥¥y:¥¥¥¥y  ¥¥¥¥¥¥¥¥¥/ 


/*  %/ 

/t  Power  On  ond  Initi-il ization .  Ttus  process  wos  not  modeled  tut  is  %/ 
/*  uijoed  to  initialize  signals  and  registers.  %/ 
/%  %/ 


/¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥^¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥1:/ 


power  on_initialize  := 
( 


BUITCH 

=  on; 

next; 

READT  = 

lo: 

RESET  = 

lo; 

delay(lOO) ; 

RESET  = 

hi ; 

next; 

ASN  =  h 

i; 

LDSN  = 

hi; 

UD3N  = 

hi; 

DTACKN 

11 

RU  =  hi 

« 

f 

DBUS  = 

Oxfffi ; 

rtC4110] 

=  Oxf-r 

hCAlllI 

=  Ox^f 

HALT  = 

hi; 

T  =  o; 


Turn  Power  On 

Execute  rtssignment 

System  Not  Ready 

Assert  Reset  For 

100  rtili5econds(Active  Low) 

Deactivate  Reset 
Execute  Pending  Assignsients 
Initialize  Address  Strobe 
Initialize  Lower  Data  Strobe 
Initialize  Upper  Data  Strobe 
Initialize  Data  Transfer  AcKnowledge 
Initialize  Reao/Uritfr(Read  On  High) 
Place  Data  Dus  In  High  Impedance  State 
Place  Hemory  Locations  Following  The 
JMP  Instruction  In  A  High  State 
Initialize  Halt  Flip-Flop(Active 
Low) 

Initialize  Clock  Cycle  Counter 


F:EADr  =  hi; 


System  Ready 


/¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥y.¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥lk¥¥y:¥¥¥¥¥¥lkil:¥i:¥¥¥¥¥¥lklk¥¥/ 
/»  %/ 
/%  Routine  Initialization  Per  Hamby  and  Guillory  %/ 
/%  %/ 


SPnODE  =  lo; 

DC  II  =  0x55555555; 
ACC'J  =  0x1000 ; 


!  Set  Status  Register  To  User  Mode 
Place  Hex  55555555  Into  DEII 
!  Place  Hex  1000  Into  AC03 


PC  =  0x1000 ; 
iiext 
) 


Ploce  Hex  1000  Into  Program  Counter 
Execute  Assignments 


/»  %/ 
/%  Initial  Fetch  Cycle.  This  cycle  was  not  modeled  but  is  necessary  »/ 

/¥  to  retrieve  modeled  instructions  for  simulation  and  analysis.  It  %/ 

/%  was  fashsioned  from  the  Read  Cycle  described  by  Hamby  and  Guillory  %/ 


/*  on  page?  yi-15  of  their  thesis.  ♦/ 

/»  t/ 

f etch_ in itial_ instruction  l- 
( 

/  If .  4^  y.  )i;  y:  i Ik  ^  if: « 4.  Ik  » 4; '4:  ii; )«:  y:  x :  ¥  ij:  IK  y;  it:  4: «  IK  i|:  ij:  )!>' ¥ )):  i|>' >lc  It:  ¥  X' )|:  ¥  « i!< «  «  ^ «  y:  it:  / 


r-Hii  =  hi; 
f-h:2  =  ir.; 

Rw  =  hi; 

AIiFNfthl  £  =  lo; 
HFENAbLE  =  lo; 
InbUS  =  F'C; 

nevit; 

PHii  =  lo; 

PHI 2  =  hi; 
ADENAEiLE  =  hi; 
EXAHUF  =  lAbUS; 

i-cnQi'E  -  smolie; 
rtSPACE  =  2; 
ne:;t; 

nBUC  =  EXAHUr; 
next; 


!  Phuse  1  Of 
!  ClocK  Cycle  0 
'  Meniory  Reati 

!  Msable  Address  bus  buffer 
!  Disable  Data  Dus  Duffer 
!  Place  PC  On  Internal  Address 
!  Dus 

!  Execute  Pending  Assignments 

!  Phase  2  Of 
i  ClocK  Cycle  0 
!  Enable  Address  Dus  Buffer 
!  Gate  Internal  Address  Dus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Program 
!  Execute  loipending  Assignments 
f  Address  Placed  On  Bus(Added) 

!  Execute  Pending  Assignments 


T  -  1;  !  ClocK  Cycle  1 

next;  !  Execute  Assignment 


PIIIl  =  hi; 

PHI 2  =  lo; 

ASN  =  lo; 

LUSN  =  lo; 

UDSN  =  lo; 
DBCNADLE  =  hi; 
next; 

pHii  =  lo; 

PHI2  =  hi; 
fiext ; 


!  Phase  1  Of 
!  ClocK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Doto  Strobe 
!  Assert  Upper  Dota  Strobe 
'  Enable  Data  Dus 
I  Execute  Pending  Assignments 

'•  Phase  2 

!  Of  ClocK  Cycle  1 
!  Execute  Pending  Assignments 


T  =  2;  !  ClocK  Cycle  2 

next;  !  Execute  Assignment 


PHII  =  hi; 

PHI2  =  lo; 
while  D'fACKN  egl  hi 
( 


!  Phase  1 

!  Of  ClocK  Cycle  2 
*  Wait  Por  Meoiory  To  Place 
'  Dota  On  The  Dus 


fie/I't  5 


!  Ev;tjcute  Impend inij  Assignments 


PHll  =  lo; 
PHI  2  =  hij 
next; 


*  Phase  2 

i  Of  ClocK  Cycle  2 
)  Execute  Assignments 


T  =  3; 
riext; 


PHll  =  In; 

PHI2  =  lo; 

rii-ius;ic:8>  =  hcabusi; 
LiBuoa:o>  =  MLAOUS  +  n 

nvACK'N  =  lo; 
next; 


ClocK  Cycle  3 
Execute  Assignment 

Phase  1 

Of  ClocK  Cycle  3 
hemory  Places  Instruction 
On  Data  Bus  And 
Asserts  DTACKN(Addeil ) 
Execute  Pending  Assignruent 


T  =  2  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  2 

); 

fiext;  !  Execute  Impending  Assignments 


/  It:  ]|[  jK  V  It  ¥  !>  4:  IK  iK  ¥  IK  y  IK  y  IK  H  )K  :K  IK « t: iK  i:  IK  )K  ^  y  ^  IK  IK  !K  ^  y:  y:  ¥  i-' :K  !K  i:  IK  iK  ])c  IK  m  !K  !K  iK  I:  !K  iK  y  y:  / 


7  =  3; 
next; 


ClocK  Cycle  3 
Execute  Assignment 


PHll  =  lo; 

PHI2  =  in; 
EXPOUF  =  DBUC; 


next  f 


!  Phase  2 

!  Of  ClocK  Cycle  3 
!  Instruction  On  Bata  Bus 
!  Is  Placed  In  External  Dato 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥iK¥¥¥¥¥¥¥¥¥¥¥/ 


T  =  4; 
next; 


ClocK  Cycle  4 
Execute  Assignment 


PHll  =  hi; 

PHI 2  lo; 

PFR  EXDBLir; 


1 1  ext ; 


!  Phase  1 

!  Of  ClocK  Cycle  4 
!  The  Contents  Of  The  External 
!  Bata  Bus  Buffer  Are  Placed 
'  In  Prefetch  Register 
!  Execute  Pending  Assignments 


PHll  =  lo; 
PHI2  =  hi; 
A3N  =  hi  I 
LBSN  =  hi; 
UBSN  =  hi; 

iR  pfr; 


'  Phase  2 

!  Of  ClocK  Cycle  4 
!  Beactivote  Address  Strobe 
!  Beactivote  Lower  Data  Strobe 
!  Deactivate  Upper  Bata  Strobe 
!  Contents  Of  Prefetch  Register 
!  Are  Ploced  Into  Instruction 
!  Register 


I  ^ 


DTACKN  =  hi; 

PC  =  PC  +  2; 

fiext ; 

T  =  0 


!  [leuctivate  Doto  Tr-jnsfer(Added) 
!  ftcKnowledge 

!  Increaent  Progroa  Counter 
'  E/ifcute  Pending  Aosignmenti 
I  Peeel  Clock  Cycle  Counter 


'  rtOyE.U  lil,ri2 


PHIl  =  hi; 

PHI2  =  lo; 

[iFUs  =  Owffff; 
f:U  =  hi; 

ADENAHLE  =  lo; 
HHENAL-iLE  =  lo; 

I ABUS  =  pc; 

IIIBUS  =  DlLUOftlt; 
ne>;t; 

PHIl  =  lo; 

PHI2  =  hi; 
alienable  =  hi; 
EXABUF  =  I ABUS ; 

FCttOBE  =  SRMOIiE; 
FC5PACE  =  2; 
SRCAftRY  =  lo; 
SROUER  =  lo; 
SR2ER0  =  lo; 
SRNEG  -  lo; 
II2LW0RB  =  IIiBUS; 

next; 

ABUS  =  EXABUF; 
ne-:t; 


Phase  1  Of 
Clock  Cycle  0 

Place  Bote  Bus  In  High  Impedance 
hemory  Read 

Disable  Address  Bus  Buffer 
Disable  Data  bus  buffer 
Place  PC  On  Internal  Address 
bus 

Place  Low  Word  From  DCll  Onto 

Internal  Data  bus 

Execute  Pending  Assignments 

Phase  2  Of 

Clock  Cycle  0 

Enable  Address  bus  buffer 

Gate  Internal  Address  bus 

Into  External  Address  buffer 

User  hode 

Accessing  Program 

Clear  Status  Register  Carry  Bit 

Clear  Status  Register  Overflow  bit 

Cleor  Status  Register  Zero  Bit 

Clear  Status  Register  Negative  bit 

Place  Data  From  Internal  Data  Bus 

Into  Low  Word  Of  IiC23 

Execute  Impending  Assignments 

Address  Placed  On  bus(Added) 

Execute  Pending  Assignments 


T  =  1;  >  Clock  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi; 
frill'  =  lo; 

ASN  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
DBENABLE  ^  hi; 


!  Phase  1  Of 
!  Clock  Cycle  1 
?  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
.*  Enable  Data  Bus 


:f  Ii2LU0ftIi  eql  0 
SRZERO  =  hi; 
next; 


Set  Etctus  Register  Zero  Bit 
If  hoved  Data  Is  Zero 
E'tecute  Pending  Assignnients 


frill  =  Id; 

PHI2  =  hi; 

If  DC2j<lS> 
SRNEG  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  1 
!  Set  Status  Register  Negotive 
!  Bit  If  Moved  Data  Is  Negative 
!  Execute  Pending  Assignnients 


^  =  2; 

next; 


!  Clock  Cycle  2 
!  Execute  Assignmerit 


Prill  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
( 

next; 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  rteeiory  To  Place 
»  Data  On  The  Bus 
!  Execute  loipending  Assignments 


Prill  =  lo; 
PHI  2  =  hi; 
next; 


Phase  2 

Of  Clock  Cycle  2 
Execute  Asslgnoients 


T  =  3; 
next; 

Prill  =  hi; 

Prii2  =  lo; 

DDUS<15;8>  =  MCABUSi; 
HBLIS<7;0';  =  MCABUS  +  ll; 
DFACKN  =  lo; 
riext; 


!  Clock  Cycle  3 
!  Execute  Assignment 

!  Phose  1 

!  Of  Clock  Cycle  3 
!  Memory  Places  Instruction 
!  On  Data  Bus  And 
Asserts  DTACKN (Added ) 

!  Execute  Pending  Assignments 


T  =  2  !  Return  To  F’hase  2 

!  Uf  Clock  Cycle  2 

); 

next;  !  Execute  Impending  Assignments 


T  =  3; 
next; 


!  Clock  Cycle  3 
!  Execute  Assignment 


Prill  =  lo; 

Prii2  =  m; 
EXDDUF  =  DBUE; 


next; 


!  Phase  2 

'  Of  Clock  Cycle  3 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Data 
'  Bus  Buffer 

!  Execute  Pending  Assignments 


T  - 


!  ClC'CK  Cycle  4 
!  Execute  Assignment 


PHIl  =  hi; 

'  F'hase  1 

F'H12  =  lo; 

'  Of  ClocK  Cycle  4 

pi-R  =  exdbuf; 

'  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 

next ; 

'  Execute  Pending  Assignments 

PHIl  =  lo; 

!  Phase  2 

PHIJ  =  ha,' 

'  Of  ClocK  Cycle  ^ 

AiSn  =  hi; 

'  Deactivate  Address  Strobe 

LDSN  =  hi; 

!  Deactivate  Lower  Data  Strobe 

UBSN  =  hi; 

!  Deactivate  Upper  Data  Strobe 

iFi  ^  ftp; 

!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 

!  Register 

dtackn  =  hi; 

!  Deactivate  Data  TransferTAdded ) 
!  Acknowledge 

PC  =  PC  +  2; 

!  Increment  Program  Counter 

next; 

!  Execute  Impending  Assignments 

T  =  0 

!  Reset  ClocK  Cycle  Counter 

) 


!  JMF'  (AO) 


< 


PHIl  =  hi; 

F-Hi:  =  io; 

HBUS  =  OxffffJ 
f:W  -  hi; 
AIiENABLE  =  lo; 
UBENABLE  -  lo,' 
lAHUG  =  pc; 

ne>t; 


!  Phase  1  Of 
!  ClocK  Cycle  0 

!  Place  Data  Bus  In  A  High  Impedance 
!  rtemory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PH 12  =  hi; 
ADENADlE  =  hi; 
EXABUP  =  I ABUS ; 

l-CrtODE  -  srmode; 
FCSPACt  =  2; 
next; 

ABUE  =  exaduf; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Program 
!  Execute  Pending  Assignments 
!  Address  Placed  On  Bus(Added) 

!  Execute  Pending  Assignments 


T  =  i;  !  ClocK  Cycle  1 

ie;:t;  !  EKecute  Assignoient 


^•rill  =  hi; 

'■HI2  =  lo; 
ftSN  =  lo; 
lIiGN  =  lo; 

UDSN  =  lo; 
lABUS  =  ACOJ; 

[iBENAGLE  =  hi; 
ne;:t; 


'  Phase  1  Of 
!  Clocf;  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Oata  Strobe 
!  Assert  Upper  Data  Strobe 
!  Move  Junip  Address  From  ACOl 
!  To  Internal  Address  Buffer 
I  Enable  Data  Bus 
!  E/'.ecute  Pending  Assignments 


F’Hil  =  lo; 
•■HI2  =  hi; 
PC  =  inBus; 

next; 


Phase  2 

Of  ClucK  Cycle  1 

Place  Jump  Address  Into  Program 

Counter 


T  2;  !  Clock  Cycle  2 

next;  !  Execute  Assignment 


PHll  =  hi; 

PHI2  =  lo; 

while  DTACKN  eql  hi 

( 

ft  ext ; 


!  F’hase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  hemory  Tc  Place 
!  Data  On  The  Bus 
!  Execute  Impending  Assignments 


PHii  =  lo; 
PH 12  =  hi; 
riext ; 


!  Phase  2 

!  Of  ClocK  Cycle  2 
!  Execute  Assignments 


T  =  3; 
next; 


!  Clock  Cycle  3 
!  Execute  Assignment 


PHI]  =  hi; 

PH 12  =  io; 

DBus<:t:e-  =  rtCABUsi; 
DBus;:7:o.-  =  aiabus  +  ii; 

DTACKN  -  lor 
next; 


Phase  1 

Of  ClocK  Cycle  3 
rteniory  Places  instruction 
On  Bata  Bus  And 
Asserts  DTACKN( Added ) 
Execute  Pending  Assignments 


T  =  2  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  2 


fiext; 


!  Execute  Impending  Assignments 


1  =  3;  !  ClocK  Cycle  3 


ne'Ati 


'  Exbcute  Assignment 


tHi]  ^  ic; 

phi:'  -  hi; 

LxiniUF  =  ntur.; 


riL'-.t; 


Phuse  2 

Of  ClocK  Cycle  3 
Instruction  On  Lato  Ims 
Is  Placed  In  External  Data 
Bus  Duffer 

Execute  Pending  Assignments 


T  =  4; 

!  Clock  Cycle  4 

next ; 

1  Execute  Assignment 

PHIl  ^  hi; 

!  Phase  1 

phi:  =  lo; 

!  Of  ClocK  Cycle  4 

next; 

pFr;  =  fxddu!'  ; 

!  The  Contents  Of  The  External 

Data  Dus  Puffer  Are  Placed 
In  Prefetch  Register 


next; 

!  Execute  Pending  Assignments 

PHll  =  lo; 

!  Phase  2 

PHI2  =  hi; 

'  Of  Clock  Cycle  4 

ASN  =  hi; 

!  Deactivate  Address  Strobe 

LDSH  =  hi; 

!  Deactivote  Lower  Data  Strobe? 

UDSN  =  hi; 

!  Deactivate  Upper  Data  Strobe 

DTACKN  =  hi; 

)  Deactivate  Dato  Tronsfer 

!  AcKnouledgel Added ) 

next; 

/»*!(:  4:4»,)i:'**'¥)i:*:*:4*:4)*;it:  i;**:*;*- i):*:*!*:  It:  *c  IT 

T  =  5;  !  Clock  Cycle  5 

next;  !  Execute  Previous  Assignment 


PUll  -  hi; 

phi:  lo; 

RU  =  hi; 

adenapee  =  lo; 

DPENAPLE  =  lo; 
lAPUs  =  PC; 


!  Phase  1  Of 
!  ClocK  Cycle  5 
!  Memory  Read 

I  Disable  Address  Dus  Duffer 
!  Disable  Data  Pus  Puffer 
!  Place  PC  On  Internal  Address 
I  Dus 

!  Execute  Pending  Assignments 


pilii  =  lo; 

phi:  =  hi; 

ADEnADLE  -  hi; 
r  CnODL  =  SRrtODE ; 
Ft  SPACE  =  :; 
CkADur  =  lADUc; 
ne  -  t ; 

p.DUS  =  exapuf; 

ne  t ; 


Phase  2  Of 

ClocK  Cycle  5 

Enable  Address  Pus  Puffer 

User  Mode 

Accessing  Program 

Gate  Internal  Address  Dus 

Into  External  Address  Puffer 

Address  Placed  On  Pus(Added) 

Execute  Pending  Assignments 


T  =  6; 

(le;;!  j 


*  Cloch  Cycle  6 
!  E;;ecuie  hssignuient 


PHIl  =  hi; 
phi:-  =  Id; 

ASN  =  lo: 

LBSN  =  lo; 
unsN  =  lo; 
LiBENABLE  =  hi; 
ncMt; 


Plnise  1  Of 

Clod'.  Cycle  6 

Assert  Address  Strobe 

Assert  Lower  I'ota  Strobe 

Assert  Upper  Doto  Strobe 

Enable  Data  Bus 

Execute  Pending  Assignnients 


PHIl  =  lo; 
PHI2  =  i.i; 

iifc;;t ; 


!  Phase  2 

'  Of  Clock  Cycle  6 
!  Execute  Pending  Assignnients 


T  =  7} 
next; 


!  Clod;  Cycle  7 
!  Execute  .Assignuent 


PHIl  =  hi; 

PHi2  =  lo; 
while  BlACKh  egl  hi 
( 

next; 


!  Phase  1 

!  Of  Clock  Cycle  7 
!  Wait  For  Memory  To  Place 
!  Data  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  io; 
PHI2  =  ni; 
next; 


Phase  2 

Of  Clock  Cycle  7 
Execute  Assignments 


T  =  8; 
next ; 

PHIl  =  hi; 

PH12  =  Id; 

DB'js  =  mcabusi; 

UBUS  7;0  -  ME ABUS  +13; 

DTACKN  =  io; 

next; 


!  Clock  Cycle  8 
!  Execute  Assignment 

!  Phase  1 

!  Of  Clock  Cycle  8 
!  Memory  Places  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKN ( Added ) 

!  Execute  Pending  Assignments 


/f$xA:t:x*.».if^4*i^f>f**'********4^*lf'**:^*******¥***:*******'**t*$lf*tt/ 

I  -  !  Return  To  Phase  2 

Of  Clock  Cycle  7 

I ; 

next;  !  Execute  Impending  Assignments 


1=8;  !  Clock  Cycle  8 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EVDPUr  =  DBUC; 


!  Phase  2 

!  Of  Clock  Cycle  8 
!  Instruction  On  Data  Dus 


C-14 


/%  %/ 

/%  MOTOROLA  MC68000  hODCL  OF  THE  MOVE.U  D1,(A1)  INSTRUCTION  */ 

/%  %/ 

/*.  %/ 

/%  Stracture  Leclarations  t/ 

/»  %/ 


/%  %/ 

■  >  n6oCuO  ProgroniUiinq  Registers  %/ 

/%  %/ 

/XXXXXxXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXXXX-XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX/ 


uco:7]  ::bi :o;  , 

nLO:63Qi:07, 
UA7<3i:0 >, 
Sa7'‘-.31  »  0.-‘  y 
pc<3i :o>, 
LRa5:o>, 


8  Dota  Registers 
7  Address  Registers 
User  Stack  Pointer 
Cystfeiii  Stack  Pointer 
Program  Counter 
Status  Register 


/t%%i\%XX%llXxXXXXXXXX%XX-X%XXX%XX%XXXXXX.XX%XXXtXX%%XXXXXXXXXXX%XXXXX%tXX%X/ 
/X  %/ 

/X  Ten.poiary  intern-ul  Registers  */ 

,'X  X/ 

/XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXtXXXXXXXXXXXXXXtXXXXXXXXXXXXXXXXXXXXX/ 


fFR;;is:o>, 

IR  .15:0:  , 

rc<2:o>, 

EXIi8UF<15:o::  , 
EXAPlJF  ■pZ’.n, 
ALU8UFl<31 :0:  r 
nLURUFl'  31:0:  , 
IREMP  :;i5:0  , 
ia5REG<3i:0;, 
SRTEMP'  .15:0:- , 

iRTinP  .i5:o:-  r 

lEMPAIiR  :3i:0r, 

AcrypE  ::i5:o> , 

VECAIiR<23:0.;-, 


!  Prefetch  Register 
!  Instruction  Register 
!  Function  Code  Register 
!  E;;ternal  Data  Bus  Buffer  Register 
!  E:>;teTnal  Address  Bus  Buffer  Register  (changed ) 
!  ALU  Buffer  1 
I  ALU  Buffer  2 
!  feiuporary  Data  Storage 
!  Teriiporory  DisplaceBient  Storage 
!  Temporary  Stotus  Register  Storoge 
!  (E>:ception  Processing) 

!  Tefliporary  Instruction  Register  Storage 
'  <E>xeption  Processing) 

!  Temporary  Cycle  Address  Storage 
!  (Exception  Processing) 

!  Temporary  Access  Type  Storoge 
’  (Exception  Processing) 

!  Temporary  Vector  Address  Storage 
'  (Exception  Processing) 


w 


X 


hanadr:;3i;o>, 

t::7:o>, 
f:ese:t  , 

HrtLT, 

RW, 

AIiENiSRLL’r 

UBENnbLE, 

A  oN  f 

LIiSN, 

unsN, 

DTACKN, 

COUT ,  ■ 

EXCEPT, 

REnliY, 


!  Temporory  Afldress  Storoge  For 
!  Exception  Hondler  Routine 
!  L'locK  Cycle  Counter' 

!  Reset  Flip-Flop 
!  Hu  It  Flip-Flop 
'  Rtiiu/Unle  Flip-Flop 
!  AddreS'S  fcus  Buffer  Enoble 
!  L'atu  Bus  l!uffer  Enable 
'  Address  Strobe  Flip-Flop 
■  Lower  Data  Strobe  Flip-Flop 
!  Upper  Data  Strobe  Flip-Flop 
!  Data  Transfer  AcKnowiedge  Flip-Flop 
!  Curry  Flip-Flop 
!  Exception  ProcessiriQ  Flip-Flop 
!  Ready  Flip-Flop 


/»  t/ 

/%  rtodel  transf orinat lOf:  luod if i cations t  */ 

/%  %/ 

/»  1)  CDL  decoder  structure  nonexistent  ir.  IBP"  and  un-  %/ 

/%  necessary  for  iiiodel.  Eliminated.  */ 

/¥  2^  fluiti- phase  clocK  structure  nonexistent  in  IGP',  */ 

/»  Oporution;  on  regisLers  will  provide  its  eguivalent,  %/ 

/%  3)  Switch  structure  nonexistent  in  ISP'.  C'peration  on  a  %f 

/%  register  will  provide  its  equivalent.  »/ 

41  The  declared  bus  structures  are  oiodeled  with  registers  %/ 
/»  Without  loss  of  mode'  occurrocy.  This  doi.e  to  inairitain  iiodel 

/»  equivalency  ar.c  siniplicity.  %/ 

/*  0,1  The  iiieniory  word  length  was  reduced  froa  16  to  3  bit  »/ 

/%  words  to  coiiicido  with  the  ECB's  32-Kbyte  meiftory,  to  agree  with*/ 

'%  their  PC  increiientation,  ond  to  enable  the  use  of  existing  */ 

/%  riCoOOOO  asseisbler  and  linher/looder  models.  The  memory  was  */ 

/*  also  reduced  from  8  Mwords  to  32  Kbytes.  %/ 

/%  %/ 

/^iF4.j»:4**ix**:**f***x*it:**:i:*****i  «*****************************************/ 


1ADUS<31;0  .  , 
iDBus<3i;c.;', 
twait<7'.  0>, 
SWITCH, 

PHI  1 , 

PHI2; 


!  Internal  Address  Bus 
!  Internal  Data  Dus 
!  Wait  Cycle  Counter 
Power  Switch 

Phase  1  Of  Two-Phase  ClocK 
Phase  2  Of  Two-Phase  Clock 


i>**'A'4**X********************!!''*****************/ 
/%  %/ 
/»  ExteriMil  Address  arid  Data  Itus  »/ 
/*  */ 

i***4-'**F********************************************/ 


D&us;i5:o>, 


External  Data  Dus 


!  External  ftcloreae  Bu&( crianged) 


foriiict 


/% 

«/ 

/% 

Fleqistc 

r  Gubfitids 

.*/ 

/% 

%/ 

PCnIiDfi 

PC<23:0>, 

!  Program  Counter  rtfldress  Field 

SiiTFiMCE 

5R:;i5;;, 

!  Trace  lul 

SPnOriC 

GR<13>, 

f  Mode  Selection  tit 

SRCAURY 

SR<0> , 

!  Carry  tit 

SROVER 

3R<1>, 

Overflow  tit 

SRZErsO 

SR<2  , 

'  Zero  tit 

SRNEG 

ij  R '  »j  ■  f 

!  Negative  tit 

LREX 

LF;-::^;: , 

1  Extend  tit 

SkmaSK 

SRaO:8:  , 

!  Interrupt  MasK 

rCSRr.CE 

Fc:  ;i:o  , 

!  Memoiy  Access  Address  Space 

FCrtUlif 

FC':2>, 

!  User/Supervisor  Mode  tit 

PCL'JU 

F'cas.:o; , 

!  F‘C  Lou  Word 

RCHI 

p:  ::3i:u:  , 

!  PC  FFigh  Word 

UOLUDRD  = 

uccoaE.io., 

!  tC03  Low  Word 

DluMORD  = 

ncu  ;i5:o  > 

!  DC  13  Low  Word 

II2LW0RII 

ii[2jaE:o  , 

!  tC23  Low  Word 

[I’iLUCRIi 

HL'o]  , 

'  tC33  Low  Word 

Ii4LW0r;Ii 

iit-4T  , 

>  III 4.1  Low  Word 

DtiLWC'Rl'i  = 

ii[5]\i;>:0  , 

!  tlSJ  Low  Word 

IioLUORIi  = 

IiLt)3  i5:o-, 

!  LIL63  Lou  Word 

II7LU0RD  = 

riC73  .i5:o>, 

!  IiC73  Low  Word 

mSFlEGHUORli  = 

lasr.Lt  rz]  :u.:  , 

!  tISREG  High  Word 

IHSREGLUIORIi  = 

insftEcas'.o; , 

1  tISREG  Low  Word 

HANftIi|-:Law 

HftNALiR  .1^  :0>, 

!  HANMliR  Lou  Word 

HhNRDRHl  = 

HrtNADR  :31  :i6:-r 

!  HANADR  High  Word 

TEMRrtliRLOU  = 

TEMPftliR  <15:0 

'  TEMF'ADF;  Low  Word 

TEdPAliRHI  - 

TEriFMl'F:  <31 : 16.- 

;  !  FEMF'Al'R  High  Word 

luettiory 

/%  %/ 

/%  l6ts  16-I*it  Word  Internul  MeEtory  */ 

/♦  */ 

iii;o;2276‘':j  :7;o  ; 


i:i<icro 


/%  %/ 
/»  Logic  Lovel  Macros  %/ 


/  V*)i.  I'.  tiK  it; It.  It;  It- IK 


lo  “  0  i f 

fii  =  1  S, 

off  =  0  i, 

on  =  1  S» 

cl«?ur  -  0  &f 

/]t:ii;;s;)i:)tii:iicit:K;ii;)t;it;it.it;)i;y;ii;it;v>i:ii;it.it;i|;ii;it:v¥it:)i;it;it;it;ii;it.it;«:t)'iKit;ii;ii;«.it.it;¥i);4;i|;ii;)hii;i|;ii;*;it;ii;it;it:iKi|cii;it:it;it;it;i|;ii:it;it;it;/ 


/»  t/ 
/n  Pouer  On  arid  Initiulizaticifi,  Ihis  process  was  not  Biodeled  but  is  %/ 
/%  added  to  initialise  signals  and  registers.  »/ 
/%  %/ 


pc.wi‘r_ori_initialii:o  ;  = 

SWITCH  =  OTi; 
next? 

RE  All  Y  =  lo; 
RESET  =  lo; 
clelay(lOO) ; 


Turn  Power  On 

Execute  Assignment 

System  Not  Reody 

Assert  Reset  For 

100  Miliseconds(Active  Low) 


RESET  =  hi; 
next; 

ASN  =  hi; 

LBSN  =  l.i; 

UOSN  =  hi; 
UTACKN  ^  hi; 

RW  =  hi; 

DdUS  =  Oxffff; 
rti;4iio]  =  oxff; 
rtC4iin  =  Oxff; 
HALT  =  hi; 


!  Dear ti vote  Reset 
!  Execute  Fending  Assignments 
!  Initialize  Address  Strobe 
!  Initialize  Lower  Data  Strobe 
!  Initialize  Upper  Dota  Strobe 
i  Initialize  Data  Transfer  AcKnowledge 
!  Initialize  Read/Write(Read  On  High) 

!  Place  Data  Dus  In  High  Impedance  State 
!  Place  Memory  Locations  Following  The 
!  JMP  Instruction  In  A  High  State 
!  Initialize  Halt  Flip-Flop (Active 
!  Low) 


T  o; 

READY  = 


hi; 


!  Initialize  ClocK 
!  System  F;eady 


Cycle  Counter 


'%  */ 

/%  Rjutirie  Initializotion  Per  Hamby  and  Guillory  %/ 

/%  %/ 


SRMODE  =  lo; 

DEll  =  0;!55‘:55555; 
AtO'J  =  0x1000 ; 

At  11  =  0x2000 ; 

PC  =  oxiooo; 

next 

) 


Set  Status  Register  To  User  Mode 

Place  Hex  55555555  Into  DCll 

Place  Hex  1000  Into  ACOl 

Store  Data  At  Hex  2000 

Place  Hex  1000  Into  Program  Counter 

Execute  Assignments 


/%  t/ 

/*  Initial  Fetch  Cycle.  This  cycle  was  not  modeled  but  is  necessary  */ 


/%  to  retrieve  iiiOuc-led  instructions  for  siuiulotion  and  analysis.  It  %/ 
/%  was  fashsior.ed  front  the  Isead  Cycle  described  by  Hamby  and  Guillory  */ 
/%  on  page  VI-15  of  their  thesis.  %/ 

/%  %/ 

i'etch_initiai_iriStructiori  *.= 

”( 


PHIl  =  hi; 
fHI2  =  lo; 

HU  =  hi; 
AltNrM-iLE  =  lo; 
IiPcNAI<LE  =  lo; 
lABUS  =  Pc; 

next; 


Phase  1  Of 
Clod;  Cycle  0 
hemory  Read 

Disable  Address  Bus  Buffer 
Disable  Date  Bus  Buffer 
Place  PC  On  Internal  Address 
Bus 

Ev'.ecute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  I ABUS ; 

FCMODE  =  SfirtODE; 

fcspace  =  2; 

next; 

ABUS  =  EXABUF; 
next; 


!  Phase  2  Of 
!  Clod;  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Program 
f  Execute  Impending  Assigniiienls 
!  Address  Placed  On  Bus! Added) 

!  Execute  Pending  Assignments 


T  =  1;  I  ClocK  Cycle  1 

next;  !  Execute  Assignsient 


PHIl  =  hi; 
fHI2  =  lo; 

ASN  =  lo; 

LBSN  =  lo; 

UDSN  =  lo; 
UBENABLE  =  hi; 
next; 

PHIJ  =  lo; 

PHI2  =  hi; 
riext; 


!  Phase  1  Of 
!  ClocK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
I  Enable  Data  Bus 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  1 
!  Execute  Pending  Assignments 


T  =2;  !  Clock  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI  2  =-■  lo; 


!  Phase  1 

!  Of  Clock  Cycle  2 


n-20 


!  Wait  For  heniory  To  Place 
!  Data  On  The  Bus 
!  Ei.ecatfe  Impending  Assignment 


while  DTACKN  eql  hi 
< 


PHii  =  lo; 

!  Phase  2 

PHI2  =  hi; 

!  Of  ClocK  Cycle  2 

next; 

!  Execute  Assignments 

T  -  T  • 

1  -  Ut 

!  Clock  Cycle  3 

next ; 

!  Execute  Assignment 

pHii  =  In; 

!  Phase  1 

PHI2  =  io; 

!  Of  Clod;  Cycle  3 

DBUSa5;8>  =  MCABUSi; 

!  Memory  Places  Instruction 

DBUO<7:o;>  =  MCABUS  +  it; 

!  On  Data  Bus  And 

DTACKN  =  lo; 

!  Asserts  DTACKN ( Added ) 

next; 

!  Execute  Pending  Assignments 

T  =  2 

!  Return  To  Phase  2 

); 

next; 

!  Of  Clock  Cycle  2 

!  Execute  Impending  Assignments 

T  =  3; 

!  ClocK  Cycle  3 

next ; 

!  F.xecute  Assigni»ent 

PH.ii  =  io; 

!  F'hase  2 

PHI2  =  hi; 

'  Of  Clock  Cycle  3 

EXDBUF  =  DDUS; 

•  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Dota 
!  Bus  Buffer 

next; 

!  Execute  Pending  Assignments 

/¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ 

T  =  4; 

!  Clock  Cycle  4 

next; 

!  Execute  Assignaient 

PHII  =  hi; 

!  Phase  1 

PHI2  =  lo; 

!  Of  ClocK  Cycle  4 

PFR  =  EXDBUF; 

!  The  Contents  Of  The  External 
t  Data  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 

next; 

!  Execute  Pending  Assignments 

PHII  =  lo; 

!  Phase  2 

PHI 2  =  hi; 

1  Of  ClocK  Cycle  4 

a'jN  =  n  1 ; 

!  Deactivate  Address  Strobe 

LUSH  =  hi; 

!  Deactivate  Lower  Data  Strobe 

UDSn  =  hi; 

!  Deactivate  Upper  Data  Strobe 

iR  =  pfr; 

!  Contents  Of  Prefetch  Flegister 

!  Are  Plocea  Into  Inst  ract  lOtp 

'  fieqiSter 

ruftCKN  =  hi; 

'  I'e-ictivute  I'otu  r  ronsFer  (Added  ) 
!  AcKnouledge 

PC  =  PC  p 

'  liicreuient  Prog  .'>31,  Co'Siier 

next; 

'  Execuve  FerpuiriCj  Aisiyrinieni& 

T  =  0 
) 

'  Pesel  ClocK  Cvcle  Counter 

move  != 

( 

'  HDUE.U  HI , CAl  1 

/  )i:  *  IK  )):  )K  )*:  If  jf  '4:  It;  *  P' 

iK¥)K¥¥¥¥¥¥¥¥iK¥¥¥4p«¥%y  ¥¥¥¥<;¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥«/ 

PHIl  ==  hi; 

!  Phuse  1  Of 

PHI2  =  lo; 

!  Clod;  Cycle  0 

[iBus  =  Oxffff; 

!  Piece  Dote  Bus  In  High  Iniped>3nc 

FiU  =  hi; 

!  nemory  F'leud 

ADENAttLE  =  lo; 

!  Disable  Address  Bus  Buffer 

HKNAbLE  =  lo; 

!  lUS'ible  Data  Bus  Buffer 

lABUS  =  PC; 

!  Place  PC  On  Internal  Address 
!  Bus 

next; 

'  Execute  Pending  Assignments 

PHIl  =  lo; 

!  Phase  2  Of 

PH 12  =  hi; 

!  ClocK  C>cle  0 

AUENAfcLE  =  hi; 

!  Enable  Address  Bus  Buffer 

EXAHUF  =  lAHUS; 

!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 

FCMOHE  =  SftrtOHE; 

!  User  Mode 

f CSPACL  =2; 

!  Accessing  Program 

next; 

!  Execute  loipending  Assignments 

fiHuc  =  exabuf; 

!  Address  Placed  On  Bus(Added) 

next; 

!  Execute  Periding  Assignments 

T  =  i; 

!  ClocK  Cycle  1 

f 

!  Execute  Assignment 

PHIl  hi; 

>  Phase  1  Of 

PH12  =  lo; 

!  ClocK  Cycle  1 

AGN  =  lo; 

!  Assert  Address  Strobe 

LUSN  -  lo; 

!  Ass-srt  Lower  Data  Strobe 

ui'SN  =  lo; 

!  Assert  Upper  Inta  Strobe 

UKENAliLE  =  hi; 

1  Enable  Data  Bus 

next; 

!  Execute  Pending  Assignments 

PHIl  =:  lo; 

!  Ph.ise  2 

PHI2  =  hi; 

!  Of  ClocK  Cycle  1 

HriXl  \ 

!  Execute  Pending  Assignments 

yy- 
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I  =  :>; 

!  ClocK  Cycle  2 

nt;,;t; 

'  Execute  Assignmeivt 

l•ll^  ^  In; 

!  Phase  1 

F'HI2  =  lo; 

!  Of  ClocK  Cycle  2 

whilfc  DTACKN  eql  hi 

!  Uuit  For  rteoiory  To  Place 

( 

!  Data  On  The  Bus 

riCKt; 

!  Execute  liiipending  Assigntiients 

PHii  =  lo; 

!  Phase  2 

PHI2  =  hi; 

!  Of  ClocK  Cycle  2 

ncK't; 

‘  Execute  Asc igrinients 

/Y*it'*4)>’*«4:4:*x4:)t;XXX4;*****X***V***¥it:**it:****y:*f.*it;****)|;)|.***y:]t:**y:/ 

1  3; 

!  Clock  Cycle  3 

ii>;>:t; 

!  Execute  AssigriCient 

PHII  =  hi; 

!  Phase  1 

PH12  =  lo; 

!  Of  Clock  Cycle  3 

Dtius  :i-i:s>  =  hCf=t£!USi; 

!  lieniory  Places  Instruction 

I'liyus ':7;o>  =  MCAbUS  +  ii; 

!  On  Data  Dus  Arid 

UTACKN  =  lo; 

!  Asserts  DVACKN ( Added ) 

rife;:t; 

!  Execute  Pending  Assignments 

/****xjt:4:x*y'y***y:»4  4!*x*y;]r*|i*4:***y:*****!|cjr*4(}t;*4:**4:*4ci|c!|i*]|f*)|cy:]|i!i:4c|c/' 

T  =  2 

!  Return  To  Phase  2 

^  • 

!  Of  ClocK  Cycle  2 

/  » 

ri6;!t; 

!  Execute  Icipending  Assignmerits 

/x»«X***)t:*»**»:********»:*****it:)r**».**;**y:**JC»»it:y»*it**y*!t:¥*it(*y;»**y*»»*/ 

■'  -  3; 

!  ClocK  Cycle  3 

1 H'  tf  f 

!  E;:ecute  Assignment 

PHii  =  lo; 

!  Phase  2 

Pin  2  =  hi; 

!  Of  Clock  Cycle  3 

tXLiLiUP  =  DltiUB; 

!  Instruction  On  Data  Dus 
!  Is  Ploced  In  Externol  Date 
!  Dus  Buffer 

ne  t ; 

‘  Execute  Pending  Assignments 

T  =  Ai 

!  ClocK  Cycle  A 

rife  111/ ; 

!  Execute  Assignment 

PHII  =  hi; 

!  Phase  1 

PHI2  =  lo; 

!  Of  Clock  Cycle  A 

pFft  •-  exdpuf; 

!  The  Contents  Of  The  External 

!  Data  Dus  Buffer  Are  Placed 
!  In  Prefetch  Register 

rib'/Xf 

!  Execute  Pending  Assignments 

pHii  =  lo; 

'  Phase  2 

PHii  =  In; 

!  Of  Clock  Cycle  4 

ASN  =  hi; 

!  Bc-activatt  Address  Strobe 

LUSN  =  hi; 

!  Beactivave  Lower  Bata  Strobe 

UI'SN  =  hi; 

!  Beactivate  Upper  Bata  Strobe 

OTACKN  =  m; 

!  Ai'6  Placed  Into  Instruction 

I  Register 

!  Deactivate  Data  Transfer(Added 

ne/.t; 

'  Acknowledge 

.,1  ii. ));  ii: Ik  Ik  >t>!|Ok>kiink/ 

/  -  Jf 

1  Clock  Cycle  5 

next; 

!  E:;fccute  Previous  Assignnient 

PHll  -  hi; 

!  F’hase  1  Of 

PHI 2  =  lo; 

<  Clock  Cycle  5 

ftU  =  hi; 

!  heMiory  Read 

PiDENAELE  =  lo; 

1  Disable  Address  Bus  Buffer 

rmus  =  Oxffff; 

■  Data  Bus  Returned  To  High 

OPEN ABLE  =  lo; 

!  Iiiipetlance  State 
!  Disable  Data  Bus  Buffer 

lABUS  =  ALli; 

1  Place  ALII  On  Internal  Address 

next; 

!  Bus 

!  Execute  Pending  Assignments 

PHII  =  lo; 

!  Phase  2  Of 

PH12  -  hi; 

!  Clock  Cycle  5 

riBENABLE  =  hi; 

!  Enable  Address  Bus  Buffer 

FChOBE  =  SRMOriEl 

!  User  Mode 

FCSF'ACE  =  i; 

!  Accessing  Program 

EXABUF  =  lABUS; 

!  Gate  Internal  Address  Bus 

IBBUS  =  DILUORI:; 

!  Place  Low  Uord  from  DCIO  On 

next; 

!  Internal  Data  Bus 
!  Into  E'xternal  Address  Buffer 

ABUS  =  exabuf; 

!  Address  Placed  On  Bus (Added) 

next ; 

!  Execute  Pending  Assignments 

!  Clock  Cycle  6 
!  Ersecute  rtseigmiient 


Phase  1  Of 
Clock  Cycle  6 
Assert  ftddress  Strobe 

!  Place  Contents  Of  Internal 
!  Date  Pas  Into  E;:ternal  Oata  Puffer 
■  Reset  Condition  Code  Bits 


T  ^  6; 

i'ie.'<t ; 

PHI]  ^ 

hi 

« 

r 

PHI2  = 

lo 

• 

t 

ASN  -  1 

o; 

RU  =  lo 

» 

f 

EXDBUF 

IDBUS 

SRCARRY 

lo; 

SROVER 

= 

lo; 

SRZf'-'O 

lo; 

PRHEG  = 

i 

o; 

next; 

!  E>:fccute  Pending  Assignments 


!  Phase  2 

!  Of  CiocK  Cycle  6 
!  Set  Zero  Condition  Pit  If  Needed 


PHIl  =  la; 

PP,I2  =  hi; 
if  EXDPLIF  eql  0 
SFiZERO  =  hi; 

lipus  =  EXDHUr;  !  Place  Pata  On  External  Data  Dus 

DBENftDLE  =  h^;  '  Enable  Data  Dus 

next;  !  Execute  Pending  ftssigniiients 


T  =  7; 
next; 


ClocK  Cycle  7 
Execute  Assigniiiefit 


PHIl  =  hi; 

PHI2  =  lo; 
if  EXDDUF<15; 

SRNEG  =  hi; 

UDSN  =  lo; 

LDSN  =  lo; 
tuait  =  0; 
next; 

while  DIACKN  eg]  hi 
( 

twait  =  tuuit  + 
next; 


!  Phase  1 

!  Of  Clock  Cycle  7 

!  Set  Negative  Condition  Dit 

!  If  Needed 

!  Activate  Upper  And 

I  Lower  Data  Strobes 

!  Wait  Cycle  Counter  Initialised 

!  Wait  For  Hemory  To  Place 
!  Data  On  The  Dus 
!  Increflient  Wait  Cycle 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHIC  =  hi) 
next; 


Phase  2 

Of  ClocK  Cycle 
Execute  Assignoients 


T  =  8;  Clock  Cycle  8 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PIU2  =  lo; 
if  twait  eql  2 

( 

rlCADUSJ  =  DDUS  .15;f>; 
MCADUS  +  13  =  IiDUS<7:0>; 
DTACKN  =  lo 
) ; 

riext ; 


!  Phase  1 

!  Of  Clock  Cycle  8 
!  Memory  Responds  After  2  Cycles 

!  Store  Data  From  Dus 
!  In  Memory 

'  Asserts  DTACKN": Added ) 

!  Execute  Pending  Assignments 


1=7  !  Return  To  Phose  2 

!  Of  Clock  Cycle  7 

' ; 

next;  !  Execute  Impending  Assignments 


1  =  !  Clock  Cycle  8 

next;  !  Execute  Assignment 


f--HI2  =  hi; 

F 1 6;  A  t/ ; 


!  Uf  Clock  Cycle  8 
!  Fy.tci^te  Pending  Assigninents 


T  =  9;  '  ClocK  Cycle  9 

ne-.t;  !  Execute  Aseioniiient 


r-Hll  =  hi; 
PH 1 2  =  lo; 

Fi ext  r 

PHii  =  lo; 
fHI2  =  hi; 
ASN  =  hi; 
LIISN  =  hi; 
UDSN  =  In; 
PC  -  PC  +  ; 

IR  =  pfr; 


riTnCKN  = 
neFFt; 

r  =  0 


!  Phuse  1 

'  Of  Clock  Cycle  9 
'  Execute  Pending  rtosigniBents 

!  Phase  2 

!  Of  Clock  Cycle  9 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Inc reiuerit  Progranj  Counter 
!  Place  Contents  Of  Prefetch 
!  Register  Into  Instruction 
!  Register 

!  Deactivate  Data  Transfer 
I  Acknuul&dge(Aclded) 

!  Execute  Pending  Assigniuents 


!  JMP  (AO) 
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PHII  =  hi; 

PH12  lo; 

DDUS  -  Oxffff; 

Ku  =  m; 
i-.DEHADLE  =  lo) 
imENADLE  =  lo; 
lABUC  ==  PC; 

next; 

PHII  ^  lo; 

PHI2  =  hi; 
hDENnDLE  =  In; 
EXADUF  -  I ABUS ; 

r-CAODE  =  srmodl; 
rCGPACL  =  2; 

next ; 


Phase  1  Of 
Clock  Cycle  0 

Place  Data  Bus  In  A  High  liiipedonce 
Meitiory  Read 

Disatle  Address  Bus  Buffer 
Disable  Data  Bus  Buffer 
Place  PC  On  Internal  Address 
Bus 

Execute  Pending  Assignments 

Phase  2  Of 

Clock  Cycle  0 

Enable  Address  Bus  Buffer 

Gate  Internal  Address  Bus 

Into  External  Address  Buffer 

User  Mode 

Accessing  Program 

Execute  Pending  Assignments 


C-2& 


if  v 


V- y-k'-cM  - 


AbUG  =  EXABUF  ;  !  ndtlresi  Placed  On  BusC Added) 

rie;ct;  '  Execute  Pending  Assignn/ents 


T  =  li 
1 1  e ; ;  L  r 


ClocK  Cycle  1 
Execute  Assignment 


PHii  ==  m; 

|■•HIl  =  lo; 

AON  =  lo; 

...nsN  =  lo; 

Lx SN  -  lo; 
;abuc  ^  ALCi; 

I'BENAt^LE  =  111,* 
next ; 


Phase  1  Of 
Clod;  Cycle  1 
Assert  Address  Strobe 
Assert  Louer  Data  Strobe 
Assert  Upper  Data  Strobe 
Hove  Jump  Address  From  ACOj 
lo  internal  Address  Buffer 
Enable  Data  Bus 
Execute  F'ending  Assignments 


t-'H  i  1  -  1 0 ; 

!  Phase  2 

F-HK'  =  hi; 

!  Of  ClocK  Cycle  1 

PC  -  lABUS; 

!  Place  Jump  Address  Into  Prograni 
'  Counter 

ne  .'t ; 

T  =  2; 
nexi  : 


ClocK  Cycle  2 
Execute  Assignment 


PHil  =  hi; 

PHI 2  =  lo; 

while  DTACKN  eql  hi 

( 

next; 


I  Phase  1 

!  Of  ClocK  Cycle  2 
!  Wait  For  hemory  To  Place 
!  Data  On  The  Bus 
!  Execute  Impending  Assignments 


F'HIl  =  lo; 
PH  1 2  =  In; 


Phase  2 

Of  Clock  Cycle  2 
Execute  Assignments 


/  x  X  if  X  :F  X  ^ IK  ^  ^  ¥  If  y  X  V  i  X  !F  X  Jf  He  y  It  If  if  X  Ilf  If  V  If  X  !F ‘F  If  ifif:  If  If  )F  if  X  If  X  y:  / 


T  =  3; 
next ; 

=  hi; 

PHI2  =  lo; 

IiBUS  ::15;D^  flCABUSi; 
DBUG  :7;0.:  =  hi  ADOS  f  ii; 
dtackn  =  lo; 

next; 


!  Clock  Cycle  3 
!  Execute  Assignment 

!  f"’hasfe  1 

!  Of  Clock  Cycle  3 
!  hemory  Places  Instruction 
!  On  Dota  Bus  And 
!  Asserts  DTACKN (Added) 

!  Execute  Pending  Assignments 


/XXXXiKiKxiKiKiKiKXiKiKxX'xy;y.)KiK)K!KJK¥)KiKiKiKiKiKiK!KiK>KXiKiKlKiKiKiKlK)KiKiK)KXiK*)KiK¥lK»:¥iKy:¥/ 
T  ■■=  2  I  Fieturn  To  Phase  2 

!  Of  ClocK  Cycle  2 


) ; 

next; 


!  Execute  Impending  Assignments 
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T  =  3; 

!  ClocK  Cycle  3 

n  e  X  t  f 

!  Execute  Assigrniient 

pKii  =  lo; 

!  F'huse  2 

PH12  =  hi; 

!  Of  ClocK  Cycle  3 

EXIIPUF  =  Dtus; 

!  Instruction  On  Data  Dus 

next ; 

!  Is  Placed  In  External  Data 
!  Dus  Duffer 

!  Execute  Pending  Assignnients 

/¥¥y;y:y)|:¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥^¥¥~ 

¥¥¥¥¥¥*¥¥¥¥¥¥¥¥¥¥¥¥¥*¥¥¥¥¥¥¥¥¥¥¥>|:¥¥¥¥¥/ 

T  -  4; 

!  Clod',  Cycle  4 

neiit ; 

!  Execute  Assignment 

PHIl  =  hi; 

!  Phase  1 

PHIL*  lo; 

!  Of  ClocK  Cycle  4 

next; 

PFR  =  cxLiPur; 

'  The  Contents  Of  The  External 

Dotu  Bus  Puffer  rtre  Placed 
In  Prefetch  Register 


next; 

- - -  - - 

!  Execute  Pending  Assignnients 

PHIL  =  lo; 

!  Phase  2 

PHI2  =  hi; 

!  Of  Clock  Cycle  4 

ASN  =  hi; 

!  Deactivate  Address  Strobe 

LL^SU  -  hi; 

)  Deactivate  Lower  Data  Strobe 

UDSN  =  hi; 

!  Deactivate  Upper  Data  Strobe 

DTACKN  =  hi; 

!  Deactivate  Doto  Transfer 

!  AcKnuwledge( Added) 

next; 

T  —  • 

1  -  u  r 

!  Clock  Cycle  5 

next; 

!  Execute  Previous  Assignsient 

PHIl  =  hi; 

!  Phase  1  Of 

PHI  2  =  lo; 

!  Clock  Cycle  5 

RU  =  hi; 

!  Meniory  Read 

ADENADLE  =  lo; 

!  Disable  Address  Bus  Buffer 

DDENADLE  =  lo; 

!  Disable  Data  Bus  Buffer 

lADUc  =  pc; 

!  Place  PC  On  Internal  Address 

fiext ; 

!  Bus 

!  Execute  Pending  Assigiiiuents 

piiii  =  lo; 

!  F’hase  2  Of 

PI-112  =  hi; 

!  ClocK  Cycle  5 

APENADLE  =  hi; 

!  Enable  Address  Bus  Buffer 

rCMOIiE  =  BRrtODE; 

!  User  Hode 

FCSPACE  =  2; 

!  Accessing  Prograu) 

EXADUF  =  lADUC; 

!  Sate  Internal  Address  Bus 

next; 

!  Into  External  Address  Buffet- 

ADUC  =  exaduf; 

!  Address  Placed  On  Bus(Added) 

*J  P-i*  V  w< ".'  ■-■."y-v.  ’\r 
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next ; 


!  Execute-  Pending  Assigntuents 
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1  =  6; 

next; 


!  ClocK  Cycle  d 
!  Ex.ecute  Assignnient 


PHIl  =  hi} 

Pl-112  =  lo; 

ASN  -  lo; 

LUGN  =  lo; 
unsN  =  lo; 
LiBCNABLE  -  rii; 
next; 


!  Phase  1  Of 
!  Clod;  Cycle  6 
!  Assert  Address  Strobe 
!  Assert  Lower  liata  Sttobe 
!  Assert  Upper  Dota  Strobe 
!  Enable  Data  Bus 
!  Execute  Pending  Assignaients 


PHll  =  lo; 
PH12  =  hi; 
next; 


!  Phase  2 

'  Of  ClocK  Cycle  6 
!  Execute  Pending  Assigninents 


T  =  7; 
n  ext ; 


!  ClocK  Cycle  7 
!  Execute  Assigniiient 


PHll  =  In; 

PHI2  =  lo; 
while  DIACKN  eg! 
( 

next; 


hi 


!  Phase  1 

!  Of  ClocK  Cycle  7 
i  Wait  For  Meniory  To  Place 
!  Data  On  The  Bus 
!  Execute  Inipending  Assigrinerits 


PHll  =  lo; 
PHI 2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  7 
•  Execute  Assignnients 


T  =  o; 
next; 


!  ClocK  Cycle  8 
!  Execute  Assignment 


PHll  =  hi; 

PH12  =  lo; 

DBLIS<1S;8>  =  MCABUSi; 
iidlie;<7;o:  =  acadus  +  rj; 
DTACNN  =  Ic.; 
next; 


!  Phase  1 

!  Of  ClocK  Cycle  8 
!  Meniory  Ploces  Instruction 
!  On  Data  Dus  And 
!  Asserts  DTACKN ( Added ) 

!  Execute  Pending  Assignibents 


T  -  7  !  Heturn  To  Phase  2 

'  Of  Clock  Cycle  7 

); 

fiext;  !  Execute  Impending  Assignments 


T  =-  8;  !  Clod;  Cycle  8 

next;  !  Execute  Assignineitt 
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.  “  •  -  »  •  J 

VX-’-J 
-  ‘J 


■J 


.-•fl 


■■'.1 


•  -•  J*  • 


V.v-*- 

» %"* • 
W-.  W», 

•'Vv- 


^.v  .v, 


y.y.y, 


/•  .*•  I 


*>.v. 


PHIl  =  lo{  !  Phase  2 

PHI2  =  hi}  !  Of  Clock  Cycle  8 

EXDbUF  =  LiBUS;  !  Instruction  On  liota  bus 

!  Is  Ploced  In  External  Dato 
!  bus  buffer 

next}  !  Execute  Pending  Assignments 


T  =  9} 
next} 

PHIl  =  hi} 
PHI2  =  lo} 

PFR  =  EXUbUF} 


next} 

PHIl  =  10} 
PHI2  =  hi} 
ASH  =  hi} 
LUSH  =  hi} 
UbSN  =  hi} 

PC  =  PC  -f  2} 
IP  =  PFP} 


DTACKN  =  hi} 

next} 

T  =  0 
) 

decode  execute  prefetch  }= 

< 

case  IR 

031201} 

047320} 

esoc 

) 

Biain  }  = 

( 

power _on_initiali2e} 
fetch_ini tial_ instruction } 
while  READY  eql  hi 
( 

decode  execute  prefetch 


!  Clock  Cycle  9 
!  Execute  Assigneient 

!  Phase  1 

!  Of  Clock  Cycle  9 
!  The  Contents  Of  The  External 
t  Data  bus  buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  9 
!  Deoctivote  Address  Strobe 
!  Deactivate  Lower  Date  Strobe 
!  Deactivate  Upper  Dota  Strobe 
!  Increoient  Program  Counter 
!  Place  Contents  Of  Prefetch 
*  Register  Into  Instruction 
!  Register 

!  Deactivate  Dota  Transfer 
!  Ai:knc>wledge<Added) 

!  Execute  Pending  Assignments 
!  Reset  Clock  Cycle  Counter 


move  !  HOOE.U  Dlr<Al) 

Jmp  !  JMP  (AO)  If  IR  =  Octal  Value 


/%%%%tt**t%%t**t%*i-***-t***t**%**t%ii-******ttt%tt**^ttii*ti‘iii**%*%%$v.%tt*%%%%/ 
/%  t/ 

/%  MOTOROLA  MC68000  MODEL  OF  THE  MOOE.L  Lil,Al  INSTRUCTION  */ 

/%  X/ 

/%  %/ 

/%  Structure  Declarations  t/ 

/%  %/ 

state 

/%  »/ 

/%  M68000  F'rograiiiuing  Registers  %/ 

/%  %/ 


D[o;7]<3i:o>, 

rtC0;63<3i:0>, 

UA7<3i:0>, 

SA7<3i:0>, 

PC<3i:o>, 

SRa5:o:5, 


!  8  Data  Registers 
!  7  Address  Registers 
!  User  StacK  Pointer 
!  Systee  Stack  Pointer 
!  Prog  rail  Counter 
!  Status  Register 


/%  »/ 

/%  Teiiporary  Internal  Registers  %/ 

/X  %/ 


PFR  :;i5;0>, 

1  R^%1 5 » 0.^*  f 

FC<2;0>, 

EXDBUF<15;0>, 

EXrtBUF<23:i>, 

ALUBUFl<3i;0>, 

ALUbUF2<3i;0>, 

DT£MP<15:0>» 

liISREG<3150>, 

SRTEMP<15;0>, 

IRTEMP<15;0>, 

TEMPADR<3i:0>, 

ACTYPE<15:0>, 

VECADR<23:0>, 


Prefetch  Register 

Instruction  Register 

Function  Code  Register 

External  Dato  Dus  Duffer  Register 

External  Address  Dus  Duffer  Register (changed) 

ALU  Duffer  1 

ALU  Duffer  2 

Teibporary  Data  Storage 

Tenporory  Displaceoient  Storage 

Tenporary  Stotus  Register  Storoge 

(Exception  Processing) 

Teeporary  Instruction  Register  Storage 
(Exception  Processing) 

Temporary  Cycle  Address  Storage 
(Exception  Processing) 

Temporary  Access  Type  Storage 
(Exception  F recessing) 

Temporary  Vector  Address  Storoge 
(Exception  Processing) 
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■  Vl'.V.V 


•  •  V.V: V. V  v\>LV 


HAN(S£(ft<3i:0>, 

T<7;0>, 

RESET, 

HALT, 

RU, 

ADENADLE , 
DBENABLE , 

ASN, 

LDSN, 

UKSN, 

UTACKN, 

COUT, 

EXCEPT, 

READY , 


!  Teiiporary  Address  Storoge  For 
!  Exception  Handler  Routine 
!  Clock  Cycle  Counter 
!  Reset  Flip-Flop 
!  Halt  Flip-Flop 
!  Read/Urite  Flip-Flop 
!  Address  Dus  Buffer  Enable 
!  Dato  Bus  Buffer  Enable 
!  Address  Strobe  Flip-Flop 
!  Lower  Data  Strobe  Flip-Flop 
!  Upper  Date  Strobe  Flip-Flop 
!  Data  Tronsfer  Acknowledge  Flip-Flop 
!  Carry  Flip-Flop 
!  Exception  Processing  Flip-Flop 
!  Ready  Flip-Flop 


/%  %/ 

/%  Hodel  transforaiation  nodif icotionsi  %/ 

/%  %/ 

/%  1)  CBL  decoder  structure  nonexistent  in  ISP'  and  un-  ♦/ 

/X  necessary  for  nodel.  Eliminated,  X/ 

/X  2)  Muiti-p_hase  clock  structure  nonexistent  in  ISP'.  $/ 

/X  Operations  on  registers  will  provide  its  equivalent,  X/ 

/%  3)  Switch  structure  nonexistent  in  ISP',  Operation  on  a  %/ 

/X  register  will  provide  its  equivalent.  X/ 

/%  4)  The  declared  bus  structures  ore  modeled  with  registers  */ 

/X  without  loss  of  fliodel  accurracy.  This  done  to  aaintain  aodel  */ 

/X  equivalency  and  simplicity,  X/ 

/X  S)  The  meiiory  word  length  was  reduced  from  16  to  8  bit  %/ 

/X  words  to  coincide  with  the  ECB's  32-KbytB  memory,  to  agree  with*/ 

/X  their  PC  incrementation,  and  to  enable  the  use  of  existing  %/ 

/X  KC68000  assembler  and  linKer/looder  models,  The  memory  was  tf 

/X  also  reduced  from  8  hwords  to  32  Kbytes,  %/ 

/X  %/ 

/XXn%ii.%t%%%%%%%XX%}I.XXXXt%XX%XX%XXXX%tXX%XXtXXXX%XXX%XXXXt%X%XtXXXtXXXX%t/ 


IABUS<3i:0>, 

IDBUS<31!0>, 

SWITCH, 

PHIl, 

PHI2; 


!  Internal  Address  Bus 
!  Internal  Dato  Bus 
Power  Switch 

Phase  1  Of  Two-Phose  Clock 
Pfiase  2  Of  Two-Phase  Clock 


/t%%%t%x%%%xxxxxxxxx%xxx%xxxx%%%xxxtxxx%%%%x%xxxx%%xtx%%%x%%%%%%%t%%xx%x/ 
/X  X/ 
/X  External  Address  and  Bate  Bus  X/ 
/X  %/ 
/X%%1f.X%%X%%XXXXXXXXXXXXXXXX%XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXtXXXXXXX/ 


iiBUsa5:o;, 

ABUS<23:i>; 


!  External  Dato  Bus 
!  External  Address  Bus (changed) 


C-32 


foriiot 


/% 

*/ 

/% 

Register 

Subfields  */ 

/% 

<•/ 

PCADDR 

2 

PC<23:C>,  ! 

Prograa  Counter  Address  Field 

SRTRACE 

= 

SRa5>,  ! 

Trace  Bit 

SRMODE 

:s 

SR<13>,  ! 

Mode  Selection  Bit 

SRCARRY 

= 

SR<0>,  ! 

Carry  Bit 

SROVER 

= 

SRa>,  ! 

Overflow  Bit 

SRZERO 

SR<2>,  ! 

Zero  Bit 

SRNEC 

= 

SR<3>,  ! 

Negative  Bit 

SREX 

SR<4>,  ! 

Extend  Bit 

SRHASK 

SR<10:8>,  ! 

Interrupt  HasK 

FCSPACE 

= 

FC<1;0>,  ! 

heaory  Access  Address  Space 

FCMOHE 

= 

FC<2>,  ! 

User/Supervisor  Mode  Bit 

PCLDW 

= 

PC<15:0>,  ! 

PC  Low  Uord 

PCHI 

- 

pc<3i:u>,  ! 

PC  High  Uord 

DOLUORli 

= 

iiC03<it;:o>,  ! 

BCOl  Lou  Uord 

KILUORU 

S: 

ricii<i5:o>,  ! 

[|[13  Lou  Uord 

112LUORII 

s 

IiC23<lti:0>,  ! 

liC23  Low  Uord 

D3LW0RII 

= 

riC33<15}0>,  ! 

BE 33  Low  Word 

I>4LU0RIi 

s 

DC43<15:0>,  ! 

riC^3  Low  Uord 

liSLWORIi 

s 

I(C53a5;0>,  ! 

DC 53  Low  Word 

D6LUORII 

= 

['.C63<15;0>,  ! 

BLd3  Low  Uord 

nZLUORD 

s 

riC7ia5J0>,  ! 

BC73  Low  Uord 

HISREGHUGRH 

£ 

iiisreg;3i:i6>,  i 

DISREG  High  Uord 

lUSREGLUORIi 

DISREG<15:0>,  ! 

BISREG  Lou  Uord 

Hi^NtHIiRLOU 

= 

HANADR<iGJO>,  ! 

HAN ADR  Low  Uord 

HANADRHI 

HANA[iR<31516>, ! 

HANADR  High  Uord 

TEMPADRLOW 

= 

TErtPADR<15;o;>, ! 

TEMPADR  Low  Uord 

TEMPADRHI 

s 

TErtPAI<ft<3i;i6>; 

TEMPADR  High  Word 

nieikory 

/% 

»/ 

/X 

16K  Id-Bit  Uord  Internal  Heiior/  %/ 

/% 

«/ 

/xx%xx%xxx%xxx%%x%%%%%%x%%%%%%%%%%%%%%%x%x%xx%xxxxx%%%%tx%t%%%t%x%%t%%%%/ 

HC0:32767D< 

7:< 

1>  { 

uiocro 


/%  %/ 

/%  Logic  Level  Hacros  %/ 

/»  %/ 


C-33 


lo  =  0  t, 

M  =  1  I, 

off  =01, 
on  =  1  1, 

cleor  =  0  i; 

/»¥]i:Xi¥¥¥¥y.¥«:¥-«)l:¥¥¥¥»¥¥¥¥¥«¥¥¥¥4.¥¥¥¥¥¥¥«V¥«¥¥¥¥4'¥¥¥¥¥¥¥¥V¥¥¥¥4:¥¥¥¥¥¥¥¥¥¥/ 


/»  »/ 

/t  Power  On  and  Initiolization •  This  process  was  not  siodeled  but  is  */ 
/%  added  to  initialize  signals  and  registers.  %/ 
/%  %/ 


power  on  initialize  ’•  = 

( 


OUITCH  =  on; 
ne>;t; 

READY  =  lol 
RESET  =  lo; 
clelay(lOO) ; 
RESET  =  hi; 


!  Turn  Power  On 
!  Execute  Assignment 
!  System  Not  Ready 
!  Assert  Reset  For 
!  100  hilisecondsCActive  Low) 
!  Deactivate  Reset 


next; 

ASN  =  hi; 

LDSN  =  hi; 

UDSN  =  hi; 

DTACKN  =  Uif 
RW  =  hi; 
imus  =  oxffff; 
MCOxlOOaD  =  Oxff; 
ML  Ox 100b 3  =  Oxff; 
HALT  =  hi; 


I 


I 


Execute  Pending  Assignments 
Initialize  Address  Strobe 

Lower  Data  Strobe 
Upper  Data  Strobe 
Doto  Transfer  AcKnowledge 
Read/Uiite(Read  On  High) 
Dus  In  High  Impedance  State 


Initialize 
Initialize 
Initialize 
Initialize 
Place  Data 


!  Piece  Memory  Locotions  Following  The 
!  JMP  Instruction  In  A  High  State 
Initialize  Halt  Flip-Flop (Active 
Low) 

Initialize  ClocK  Cycle  Counter 
System  Reody 


T  =  o; 

READY  =  hi; 

/»  »/ 

/»  Routine  Initialization  Per  Hornby  and  Guillory  X/ 

/%  %/ 

/xxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxtxttxxxtxttxxxxxxxxtxxttxxxtxxx/ 


DCn  =  0x55555555; 
AC03  =  0x1004; 

PC  =  0x1 000 ; 
next 

) 


!  Place  Hex  55555555  Into  DEI 3 
!  Ploce  Hex  1004  Into  AC03 
!  Place  Hex  1000  Into  Program  Counter 
>  Execute  Assignments 


/X  %/ 
/%  Initiol  Fetch  Cycle,  This  cycle  was  not  modeled  but  is  necessory  %f 
/%  to  retrieve  modeled  instructions  for  simulation  ond  onalysis.  It  %/ 
/%  was  foshsioned  from  the  Reod  Cycle  described  by  Hamby  and  Guillory  t/ 
/t  on  page  VI-15  of  their  thesis,  */ 


fetch  initial  instruction  ;= 


PHIl  =  hi; 

PHI2  =  lo; 

RU  -  hi; 
ADENABLE  =  lo) 
DBENftBLE  =  lo; 
I ABUS  =  PC; 


next; 


!  Phase  1  Of 
!  ClocK  Cycle  0 
!  hetiory  Read 

!  Bisahle  Address  Bus  Buffer 
!  Disable  Dato  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignihents 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  I ABUS ; 

FChODE  =  srhode; 

FCSPACE  =  2; 
next; 

ABUS  =  EXABUF I 
next; 


!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Cate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Program 
!  Execute  Impending  Assignments 
!  Address  Placed  On  Bus (Added) 

!  Execute  Pending  Assignments 


T  =  1; 
next; 


!  Clock  Cycle  1 
!  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
DBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  1 
!  Assert  Address  Strobe 
.!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enoble  Data  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  1 
!  Execute  Pending  Assignments 


/$ttt%*tit*t^'**t*J^*$***ii*$*9i****$****rii:$ti***ti:*t**%*******t****t*****t/ 
T  =  2;  !  Clock  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
( 

next; 


!  Phase  1 

!  Of  ClocK  Cycle  2 
!  Wait  For  Memory  To  Ploce 
)  Doto  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  10} 
F-HI2  =  hi} 
next} 


!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  Assignments 


/$:tJli$)^4:r*t-**i:>^*****i-it‘9:!f*i(:*****r*>l.*’.$***$******ik$i^****$*ik!tit***/ 
T  =  3}  !  Clock  Cycle  3 

next}  !  Execute  Assignment 


PHIi  =  hi} 

PHI2  =  10} 

DBUSa5:8>  =  MCADUSl} 
liIiUS<7:0>  =  HEAKUS  +  11} 
DTACKN  =  lo} 
next} 


!  Pnose  1 

!  Of  Clock  Cycle  3 
I  Memory  Places  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKN( Added ) 

!  Execute  Pending  Assignments 


/it[ili:ilitK*ii**$*ir******t$****!(*****¥*********it:*^****>l:$*ik$**t****/ 
1=2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

)} 

next}  !  Execute  Impenoxng  Assignments 

T  =  3}  !  Clock  Cycle  3 

next}  !  Execute  Assignment 


PHIl  =  lo} 

PHI2  =  hi} 
EXDBUF  =  DBUS} 


next} 


!  Phose  2 

•  Of  Clock  Cycle  3 
!  Instruction  On  Dato  Bus 
!  Is  Ploced  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/t$ii:t)ti**$ik****>li$$tf$*$*t**$*$**$$****t$**fi$*t$*fW*1i****t*$****t*$**/ 
T  =  4}  !  Clock  Cycle  A 

next}  !  Execute  Assignaient 


PHIl  =  hi} 
PHI2  =  10} 

PFR  =  EXDBUF} 


next} 

PHIl  =  10} 
PHI2  =  hi} 
ASH  -  hi} 
LDSN  =  hi} 
UDSN  s  hi} 
IR  =  PFR} 


DTACKN  =  hi} 


!  Phase  1 

!  Of  Clock  Cycle  4 
!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  4 
!  Deactivate  Address  Strobe 
!  Deoctivote  Lower  Data  Strobe 
!  Deoctivote  Upper  Doto  Strobe 
!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 
!  Register 

>  Deoctivote  Doto  Tronsferf Added) 
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! 

AcKnowledge 

PC  =  PC  +  4; 

1 

Increment  Program  Counter 

next; 

I 

Execute  Pending  Assignments 

T  =  0 
) 

1 

Reset  Clock  Cycle  Counter 

ondi 

*  •. 

•  " 

( 

SRrtODE  =  lo; 

! 

AWB»U  *»DFFF,SR 

j 

Effect  Of  Instruction 

rR<15.‘S>  =  MLPC3; 
iR<7:o>  =  ncpc  +  id; 

1 

Prefetch  Next  Instruction 

next; 

! 

Is  To  Set  Status  Register 

PC  =  PC  +  2; 

!  Increment  Program  Counter 

T  =  5; 

! 

Supervisor  Bit  To  User 

next; 

! 

Hode 

T  =  0 
) 

! 

Requires  6  Clock  Cycles 

move 

*  ■" 

( 

! 

MOUE.L  D1,A1 

PHIl  =  hi; 

! 

Phase  1  Of 

PH12  =  lo; 

! 

Clock  Cycle  0 

ADENABLE  =  lo; 

! 

Bi sable  Address  Bus 

ItBENABLE  *  lo; 

1 

Bisaole  Bata  Bus 

BBUS  =  Oxffff; 

! 

Place  Bato  Bus  In  High  Impedance 

Ru  =  hi; 

t 

Memory  Read 

I ABUS  =  PC; 

1 

1 

Place  PC  On  Internal  Address 

Bus 

I BBUS  =  bcid; 

!  Place  Data  From  BCID  Onto 

1 

Internal  Bata  Bus 

next; 

1 

Execute  Pending  Assignments 

pHii  *  lo; 

! 

Phase  2  Of 

PHI2  =  hi; 

1 

Clock  Cycle  0 

ADENABLE  =  hi; 

1 

Enable  Address  Bus  Buffer 

EXABUF  =  lABUS; 

1 

1 

Gote  Internal  Address  Bus 

Into  External  Address  Buffer 

FCMOBE  =  SRHODE; 

! 

User  Mode 

FCSPACE  =  2; 

1 

Accessing  Program 

SRCARRY  =  lo; 

! 

Cleor  Status  Register  Corry  Bit 

srover  =  lo; 

! 

Clear  Stotus  Register  Overflow  Bit 

SRZERO  =  lo; 

! 

Cleor  Status  Register  Zero  Bit 

SRNEG  =  lo; 

! 

Clear  Stotus  Register  Negative  Bit 

ACID  =  IBBUS; 

!  Place  Beta  Fron  Internal  Bata  Bus 

! 

Into  ACID 

next; 

! 

Execute  Impending  Assignments 

ABUS  =  EXABUF ; 

! 

Address  Placed  On  Bus( Added) 

next; 

1 

Execute  Pending  Assignments 

.C-37 

!  ClocK  Cycle  1 
!  Execute  /Sssignnient 


T  =  i; 
next  r 


PHIl  =  hif 
PHI2  =  lo; 

ASW  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 

ubenable  =  hi; 

if  ACi:  eql  0 
SFiZERO  =  hi; 
next ; 


•  Phase  1  Of 
i  Clock  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Doto  Strobe 
!  Enable  Eiata  Bus 
!  Set  Stotus  Register  Zero  Bit 
!  If  Moved  Bata  Is  Zero 
!  Execute  Pending  Assignoients 


PHIl  =  lo; 

PHI2  =  hi; 

If  A[13<31> 
SRNEG  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  1 
!  Set  Status  Register  Negative 
!  Bit  If  Moved  Date  Is  Negative 
!  Execute  Pending  Assignihents 


1  =  2; 

next; 


!  Clock  Cycle  2 
!  Execute  Assignikent 


PHIl  =  hi; 

PHI2  =  lo; 
while  BTACKN  eql  hi 
< 

next; 


!  Phase  1 

!  Of  Clock  Cycle  2 
•  Wait  For  Heniory  To  Place 
!  Bato  On  The  Bus 
Execute  Iispending  AsBignsients 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


Phose  2 

!  Of  Clock  Cycle  2 
!  Execute  Assignments 


/x$:icx$$$$$t*************$****$$$$*i*$**$$***********$**t$t$**/ 


T  =  3; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

BBUS<15;S>  =  MCABUS3; 
11BUS<7:0>  =  ME  ABUS  +13; 
BTACKN  =  lo; 
next; 


!  ClocK  Cycle  3 
!  Execute  Assignment 

*  Phase  1 

!  Of  Clock  Cycle  3 
!  Memory  Places  Instruction 
!  On  Bata  Bus  And 
!  Asserts  BTACKN (Added) 

!  Execute  Pending  Assignments 


/tiilit$*f*>'*********>ft**$**i.**$**$**i:***$**TH*ii$*t***$*t**$**tt-/ 

T  =  2  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  2 

>; 

next;  !  Execute  Impending  Assignments 


/U***t$*>ii*:********ii**$**i^************}li*$**i:**$$*9^*$»**t$*ti***$**t/ 

T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 


PHii  =  lo; 

F'HI2  =  hi; 

ExuKUF  =  imus; 


ne;:t; 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Dato 
!  Bus  Buffer 

}  Execute  Pending  Assignments 


T  =  4;  !  Clock  Cycle  4 

next;  !  Execute  Assignoient 


PHII  =  hi; 
PHI2  =  lo; 

pFfi  =  exdbuf; 


next; 

PHII  =  lo; 
PHI2  =  hi; 
ASH  =  hi; 
LDSN  -  hi; 
UDSN  =  hi; 

IP  =  pfp; 


DTACKN  =  hi; 

PC  =  PC  +  2; 

next; 

T  =  0 
) 


Phase  1 

Of  Clock  Cycle  4 
The  Contents  Of  The  External 
Data  Bus  Buffer  Are  Placed 
In  Prefetch  Register 
Execute  Pending  Assignments 

Phase  2 

Of  Clock  Cycle  4 
Deactivate  Address  Strobe 
Deactivate  Lower  Data  Strobe 
Deactivate  Upper  Data  Strobe 
Contents  Of  Prefetch  Register 
Are  Placed  Into  Instruction 
Register 

Deoctivate  Data  TronsferlAdded ) 
Acknowledge 

Increment  Progroii  Counter 
Execute  Impending  Assignments 
Reset  Clock  Cycle  Counter 


!  JMP  (AO) 


PHII  =  hi; 

»  Phase  1  Of 

PHI 2  =  lo; 

!  Clock  Cycle  0 

DBUo  =  Cxffff; 

!  Place  Data  Bus  In  A  High  Impedanc 

f;w  =  hi; 

!  Memory  Read 

ADENABLE  =  lo; 

!  Disable  Address  Bus  Buffer 

DBENABLE  =  lo; 

!  Disable  Data  Bus  Buffer 

lABUS  =  PC; 

!  Floce  PC  On  Internal  Address 
!  Bus 

next; 

!  Execute  Pending  Assignments 

PHII  =  lo; 

!  Phase  2  Of 

PHI2  =  hi; 

!  Clock  Cycle  0 

ADENABLE  =  hi; 

!  Enable  Address  Bus  Buffer 

EXABUF  =  I ABUS ; 

!  Cote  Internal  Address  Bus 

FCMODE  =  SRMOHE; 
FCSF'ACE  =  2; 
neat} 

ft&US  =  EXt'iBUF; 
next; 


!  Into  External  i^ddress  Buffer 
!  User  Mode 
!  Accessing  Prog  rani 
!  Execute  Pending  Assigninents 
!  Address  Placed  On  Bus( Added) 
!  Execute  Pending  Assignments 


T  =  1;  !  Clock  Cycle  1 

next;  !  Execute  Assignoient 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LUSN  =  lo; 
unsN  =  lo; 
lABUS  =  AEOi; 

BBENABLE  =  hi; 
next; 

PHIl  =  lo; 

PHI2  =  hi; 

PC  =  I ABUS ; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
!  Move  Jump  Address  Front  AC03 
!  To  Internal  Address  Buffer 
!  Enable  Data  Bus 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  1 
!  Place  Jump  Address  Into  Program 
!  Counter 


T  =  2;  !  Clock  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
( 

next; 

PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  Memory  To  Place 
!  Data  On  The  Bus 
!  Execute  Impending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  Assignments 


T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

[IBUS<15;8>  =  MCABUSi; 
DBUS<7;0>  =  ME ABUS  +  li; 
DTACKN  =  lo; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  3 
!  Memory  Places  Instruction 
t  On  Date  Bus  And 
!  Asserts  DTACKN(Added) 

!  Execute  Pending  Assignments 


T  =  2 


!  Return  To  Phase  2 
!  Of  Clock  Cycle  2 


); 

next}  !  Execute  Impending  Assignments 


T  =  Hi 

!  Clock  Cycle  3 

next  J 

!  Execute  Assignibent 

PHll  =  lui 

!  Phase  2 

PHI2  =  hi; 

!  Of  Clock  Cycle  3 

EXUBUF  =  DBUS; 

!  Instruction  On  Bata  Bus 
!  Is  Placed  In  External  Dota 
!  Bus  Buffer 

next; 

!  Execute  Pending  Assignments 

T  =  4; 

!  Clock  Cycle  4 

next; 

!  Execute  Assignsient 

PHIl  =  hi; 

!  Phase  1 

PH12  =  lo; 
next; 

!  Of  Clock  Cycle  4 

PFR  =  exuhuf; 

!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 

next; 

!  Execute  Pending  Assignments 

PHIl  =  lo; 

!  Phase  2 

PHI2  =  hi; 

!  Of  Clock  Cycle  4 

ASN  =  hi; 

!  Deactivate  Address  Strobe 

LUSN  =  hi; 

!  Deactivate  Lower  Data  Strobe 

UIISN  =  hi; 

!  Deactivote  Upper  Date  Strobe 

[ITACKN  =  hi; 

!  Deactivate  Data  Transfer 
!  AcknDwledge(Added) 

next; 

T  =  5; 

!  Clock  Cycle  5 

riext; 

!  Execute  Previous  Assignment 

PHIl  =  hi; 

!  Phase  1  Of 

fHi2  =  lo; 

!  Clock  Cycle  5 

RU  =  hi; 

!  Memory  Read 

ALIENABLE  =  lo; 

!  Disable  Address  Bus  Buffer 

ubenable  =  lo; 

!  Disable  Data  Bus  Buffer 

I ABUS  =  pc; 

!  Ploce  PC  On  Internal  Address 
!  Bus 

next; 

!  Execute  Pending  Assignments 

PHIl  =  lo; 

!  Phase  2  Of 

PH12  =  hi; 

!  Clock  Cycle  5 

ALIENABLE  =  hi; 

!  Enable  Address  Bus  Buffer 

FCMOBE  =  SRMOHE; 

!  User  Mode 

FCSPACE  =  2i 
EXABUF  =  I ABUS ; 
next; 

ABUS  =  exabuf; 

next; 


!  Accessing  Program 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  Address  Placed  On  Bus( Added) 
!  Execute  Pending  Assignments 


T  =  6; 
next; 


CIocK  Cycle  6 
Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LBSN  =  lo; 

UDSN  =  lo; 
UBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  Cloc);  Cycle  6 
•  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Date  Strobe 
!  Enable  Data  Bus 
!  Execute  Pending  Assignments 


PHll  =  lo; 
PHI2  =  hi; 
next; 


Phase  2 

Of  Clock  Cycle  6 

Execute  Pending  Assignments 


T  =  7; 

!  Clock  Cycle  7 

next; 

!  Execute  Assignment 

PHIl  =  hi; 

!  Phase  1 

PHI2  =  lo; 

!  Of  Clock  Cycle  7 

while  DTACKN  eql  hi 

!  Wait  For  Memory  To  Place 

( 

!  Data  On  The  Bus 

next; 

!  Execute  Impending  Assignments 

PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phose  2 

!  Of  Clock  Cycle  7 
!  Execute  Assignments 


/ttiit**Jii%%%*t%t%$***t*t%*tt*t*m*%*%1li*t%**%%**%*%%***t%%****/ 


T  =  8; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

DBUS<15;8>  =  HCABUSi; 
DBUS<7;0>  =  MCABUS  +13; 
DTACKN  =  lo; 
next; 


!  Clock  Cycle  8 
!  Execute  Assignment 

!  P‘  ase  1 

!  Of  Clock  Cycle  8 
!  Memory  Ploces  Instruction 
I  On  Data  Bus  And 
!  Asserts  DTACKN (Added ) 

!  Execute  Pending  Assignments 


/tt*%**t***t%*%*****t%*****%**t*t****.*%*tt^t******n*%*%******t/ 
T  =  7  !  Return  To  Phase  2 

!  Of  Clock  Cycle  7 


); 

next; 


!  Execute  Impending  Assignments 


/%t%tt%'iit*iiii*t*******i(i*****t*t*tt*t*t*ii**tt%%t*^t%tt**%*t***t**1f'*tt/ 
T  =  8;  !  ClocK  Cycle  8 

ne>:tr  !  Execute  i^ssignnicnt 

PHIl  =  lo;  !  Phase  2 

PHI2  =  hi;  !  Of  Clock  Cycle  8 

EXDKUF  =  D&US;  !  Instruction  On  Data  Dus 

!  Is  Placed  In  External  Data 
!  Bus  Duffer 

next;  !  Execute  Pending  6ssignnients 


T  =  9; 
next; 

PHIl  =  hi; 
PHI2  =  lo; 

PFF:  =  exdduf; 


next; 

PHIl  =  lo; 
PHI2  =  hi; 
ASM  =  hi; 
LD3N  =  hi; 
UDSN  =  hi; 

PC  =  PC  +  2; 

ift  *  pfr; 


DTACKN  =  hi; 

next; 

T  =  0 
) 

deco(ie_execute_p refetch  ;  = 

( 

case  IR  , 

0x2241 : 
0x027c ; 
047320; 

esac 

) 


!  ClocK  Cycle  9 
!  Execute  Hssigngient 

!  Phase  1 
Of  Clock  Cycle  9 
!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  ftre  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  9 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Dote  Strobe 
!  Deoctivete  Upper  Data  Strobe 
!  Incvement  Prog  rain  Counter 
!  Ploce  Contents  Of  Prefetch 
!  Register  Into  Instruction 
!  Register 

!  Deactivote  Dota  Transfer 
!  AcknowledgeCAdded) 

!  Execute  Pending  Assignments 
!  Reset  Clock  Cycle  Counter 


move  !  HOOE.L  DUAl 

ondi  !  ANDfW  *SDFFF,SR 

Jmp  •  JMP  (AO)  If  IR  =  Octal  Value 


main  := 

< 

power_on_ initialize; 
fetch_iriitial_instructiori ; 
while  READY  eql  hi 
( 

decode_execute_p refetch 
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/%  X/ 
/%  hOTCJHOLA  f1C60000  MODEL  OF  THE  M9VE.U  Itl,(Al)+  INSTRUCTION  %/ 
/$  X/ 
/%^1f%'4.i(.ji,t)Hiit*XXXX*i/-XXXXXXX*XXXXXXXXttX**XXXX*XXX**XXtXXXXXXtXXX*XXXXXXXX/ 

/mtxxxxxtxxxxxxxxxxxxxxxxxxxxtxxxxxxxxtxxxxxxxxxxxxxxtxtxxtxxxxxxxxxxxxx/ 

/X  %/ 
/%  structure  Declarations  X/ 
/%  %/ 
/xx*xxxxxxxxxx*xxxxxxxxxxxxxxxxxtxxxxx*xxxxxxxxxxxx*xxxxxxxxxxxxxxxxx*xx/ 

state 

/XtXiXXXXXXXtXXtXXxXXXXXXXXXXXXXXXXXXtXXXt'iXXtXtXXXXXXXXXXXXXXXXXXXXXXXXX/ 
/X  %/ 
/%  MoSOOO  FrograoiBiinq  Registers  */ 
/*  X/ 
/XXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXtXXXXXXXXXXXXXXXXXXXXXtXXX/ 


DC0:73<3i:0>, 

AC0:63<31:0>, 

UM7<3i:0>, 

SA7<3i:0>, 

PC<3i:o>, 

SR<15;0>, 


8  Dota  Registers 
7  Address  Registers 
User  StacK  Pointer 
Systeni  StacK  Pointer 
Prograft  Counter 
Status  Register 


/%  %/ 

/X  Te&porary  Internal  Registers  X/ 

/X  X/ 

/txxtxxxxxxxxxxxxtxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx/ 


PFR<15‘.0>, 

IR<15:0>, 

FC<2;0>, 

EXDDUF<15:0:>, 

EXAEfUF<23;i>, 

ALUDUFl<3i;0.;, 

ALUDUF2<3i;0>, 

DTEMP<15:0>, 

rilSREG<3i:0>, 

SRTEMP<15:0>, 

IRTEMP<15;0>, 

TEMPADR<3i:0>, 

ACTYPE<15!0>, 

VECADR<23:0>, 


Prefetch  Register 

Instruction  Register 

Function  Code  Register 

External  Dato  Bus  Buffer  Register 

External  Address  Bus  Buffer  Registerichonged) 

ALU  Buffer  1 

ALU  Buffer  2 

Teniporary  Data  Storage 

Temporary  Displocegient  Storage 

Teraporory  Status  Register  Storage 

<E'/.ception  Processing) 

Temporary  Instruction  Register  Storage 
(Exception  Processing) 

Temporary  Cycle  Address  Storage 
(Exception  Processing) 

Temporary  Access  Type  Storage 
(Exception  Processing) 

Temporary  Vector  Address  Storage 
(Exception  Processing) 


HANA[ip<3i;0>, 

!  Temporary  Address  Storage  For 
!  Exception  Handler  Routine 

T<7;o>, 

!  Clock  Cycle  Counter 

RESET, 

!  Reset  Flip-Flop 

HALT, 

!  Halt  Flip-Flop 

f;u. 

!  Read/Write  Flip-Flop 

ABENABLE, 

!  Address  Bus  Buffer  Enable 

BBENABLE, 

!  Data  bus  Buffer  Enable 

ASN, 

!  Aodreus  Strobe  Flip-Flop 

LUSN, 

!  Lower  Data  Strobe  Flip-Flop 

UB3N, 

!  Upper  Data  Strooe  Flip-Flop 

BTACKN, 

!  Data  Transfer  Acknowledge  Flip-Flop 

COUT, 

!  Carry  Flip-Flop 

EXCEPT, 

!  Exception  Processing  Flip-Flop 

READY , 

!  Ready  Flip-Flop 

/%  %/ 

/%  Model  tr>insforiiiation  modif icationsS  %/ 

/%  »/ 

/t  1)  CDL  decoder  structure  nonexistertt  in  ISP'  ond  un-  */ 

/%  necessary  for  model.  Eliminated.  */ 

/%  2)  Multi-phase  clock  structure  nonexistent  in  ISP'.  t/ 

/%  Operations  on  registers  will  provide  its  equivalent.  %/ 

/%  3)  Switch  structure  nonexistent  in  ISP'.  Operation  on  a  ♦/ 

/%  register  will  provide  its  equivalent.  %/ 

/t  4)  The  declared  bus  structures  are  modeled  with  registers  */ 

/*  without  loss  of  model  accurracy.  This  done  to  maintain  model  */ 

/%  equivalency  and  simplicity.  t/ 

/%  Z)  The  memory  word  length  was  reduced  from  16  to  8  bit  1/ 

/t  words  to  coincide  with  the  ECB's  32-Kbyte  memoryj  to  agree  with*/ 

/*  their  PC  inc rementation r  and  to  enable  the  use  of  existing  */ 

/*  MC68000  assembler  and  linKer/loader  models.  The  memory  was  */ 

/*  also  reduced  from  8  Mwords  to  32  Kbytes.  */ 

/*  */ 


iAPUs:3i:o>, 
Iti8U5<3i;0>, 
twa  i  t'^A  5  Oy  f 
SWITCH, 

PHll , 

PHI2; 


!  Internal  Address  Bus 
!  Internal  Boto  Bus 
!  Wait  state  Counter 
Power  Switch 

Phase  1  Of  Two-Phase  Clock 
Phase  2  Of  Two-Phose  Clock 


port 


/*«*¥**»****************************************************************/ 
/»  t/ 

/%  External  Address  and  Bata  Bus  */ 

/%  %/ 


IiBUS<15;0> 


f 


!  External  Bata  Bus 


ABUS<23;i>; 


External  Address  Bus<chariged) 


format 


/%  %/ 

/%  Register  Subfields  %/ 

/%  X/ 

/%%%%%x%%%%%%%%%%%%%%%v,t%%%x%%%%%x%%%%%%%%x%x%tx%xx%%%xx%%%%x%%%%%%%%x%%/ 


PCABBR 

= 

PC<23J0>, 

SRTRACE 

= 

SRa5>, 

SRMOBE 

= 

•SR<13>, 

SRCARRY 

= 

SR<0>, 

SROVER 

bR<l>, 

SRZERO 

= 

SR<2> , 

SRNEG 

= 

SR<3>, 

SREX 

= 

SR<4>, 

SRMASK 

= 

SR<10:8>, 

FCSPACE 

= 

Fc<i:o>, 

FCMQBE 

FC<2>, 

PCLGW 

pcasio;:, 

PCHI 

= 

PC<3i:i6>, 

BOLWORB 

= 

BC03 <15:0>, 

BILUORB 

S 

BClDaSJO, 

B2LW0RB 

r 

BC23<15;0>, 

B3LW0RB 

s 

BC3]<15:0>, 

B4LU0RB 

s. 

BC43<15!0>, 

BSLUORB 

= 

BESKIS'.O;-, 

B6LW0RB 

= 

DC63<15;0>, 

B7LW0RB 

= 

BC73<1S:0>, 

BISREGHUORB 

= 

BISRCG<3i;U.) 

BISREGLWORB 

BISREG<1550>, 

HANABRLOU 

=. 

HANABR<15J0>, 

HANABRHI 

= 

HANABR  •:3i:i6> 

TEMPABRLOU 

TEMPABR<iS:0'5 

TEMPABRHI 

TCMPABR<3i;i6 

memory 

Prog  raft  Counter  Address  Field 
Trace  Bit 

Mooe  Selection  Bit 
Carry  Bit 
Overflow  Bit 
Zero  Bit 
Negative  Bit 
Extend  Bit 
Interrupt  hask 
Memory  Access  Address  Space 
User/Supervisor  Mode  Bit 
PC  Low  Word 
PC  High  yord 
Broil  Lou  Word 
BCII  Low  Word 
DC23  Low  Word 
BC3]  Low  Word 
Low  Word 
BC53  Low  Word 
DCoT  Low  Word 
BC73  Low  Word 
BiSREG  Hign  Word 
BISREG  Low  Word 
HANABR  Low  Word 
HANABR  High  Word 
TEMPABR  Low  Word 
} !  TEMPABR  High  Word 


/««;!:  Heir/ 
/$  %/ 
/%  loK  16-Bit  Word  Internal  Memory  %/ 
/%  X/ 


MC0:327P7D<7:0>; 


macro 


/%%%%%%%%%%%%%%%xx%x%%xx%%%x%%xxx%%%xxxx%%%x%xxxxt%x%x%x%%%%%%%*%%%%%t%%/ 

/X  %/ 

/%  Looic  Level  Macros  %/ 


Logic  Level  Macros 


lo  =  0  S, 
hi  —  1  i j 
off  =  0  i, 
on  =  1  S» 
cieor  =  0  SJ 

n  t/ 

/%  Power  On  end  Initialization.  This  p»’ocess  was  not  modeled  but  is  »/ 
/%  added  to  initialize  signals  and  registers.  %/ 
/%  »/ 


power_on_initiali2e  5= 

\ 

BUITCH  =  on; 
next; 

REftHY  =  lo; 

RESET  =  lo; 
deloy(lOO); 

RESET  =  hi; 
next; 

ASN  =  hi; 

LDSN  =  hi; 

UfSN  =  hi; 

DTACKN  =  hi; 

RW  --  hi; 
liBus  =  Oxffff; 
MCOxlOOcJ  =  Oxff; 
riCOxlOOdT  =  Oxff; 
HALT  =  hi; 

T  =  o; 

READY  =  hi; 


!  Turn  Power  On 
!  Execute  Assignibent 
!  Systeii  Not  Ready 

f  Assert  Reset  For 

!  100  Hiliseconds(Active  Low) 

!  Deactivote  Reset 
<  Execute  Pending  Assignments 
!  Initialize  Address  Strobe 
!  Initialize  Lower  Data  Strobe 

!  Initialize  Upper  Data  Strobe 

!  Initialize  Data  Transfer  Acknowledge 
!  Initialize  Read/Write(Read  On  High) 

!  Place  Date  Dus  In  High  Impedance  State 
!  Place  Memory  Locations  Following  The 
!  JriP  Instruction  In  A  High  State 
!  Initiolize  Halt  Flip-Flop (Active 
!  Low) 

!  Initialize  Clock  Cycle  Counter 
!  System  Ready 


/}^tt*****t*$**Ti:i-t*t*M******************’f*t**********************/ 
/%  */ 

/%  Routine  Initialization  F'er  Hamby  ond  Guillory  %/ 

/%  %/ 

DLi:  =  0x5555;  !  Place  Hex  5555  Into  DCl] 

D[2]  =  0x2000;  !  Uill  De  Used  To  Reset  AC12 


DC 2]  =  0x2000 ; 
AC03  =  0x1004; 
ACl]  =  0x2000 ; 
PC  =  0x1 000 ; 
next 


!  Place  Hex  1004  Into  AC03 
!  Store  Data  At  This  Address 

!  Place  Hex  1000  Into  Program  Counter 
!  Execute  Assignments 


/*  %/ 
/♦  Initial  Fetch  Cycle.  This  cycle  was  not  modeled  but  is  necessary  »/ 
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/*  to  retrieve  niodeled  instructions  for  siuiulation  and  analysis.  It  %/ 
/%  was  fastisioned  froni  tne  Read  Cycle  described  by  Huntby  and  Guillory  ♦/ 
/X  on  page  Vl-iS  of  their  thesis.  %/ 

/%  %/ 
/%1f.%%%%%%H.%'t^tX%ii.ii.ii.%\\%%%K.%%%%%X%%%%%%%.1i.%%XX%XXXX%%X%XX%%%tXX%%%X%%XX%XXJ 

fetch  initial  instruction  1= 

~( 


Prill  =  hi; 

PHI2  =  lol 
RU  =  hi; 
adenable  =  io; 
UBENABLE  =  lo; 
I ABUS  =  pc; 

next; 


!  Phase  1  Of 
!  ClocK  Cycle  0 
!  rteiiory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Date  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignnients 


Prill  =  lo; 

PHI 2  =  hi; 
ADEriABLE  =  hi; 
EXABUF  =  I ABUS ; 

FCriODE  =  srhode; 

FCSPACE  =  .2; 
next; 

ABUS  =  EXABUF ; 
next ; 


!  Phase  2  Of 
!  ClocK  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Program 
>  Execute  Impending  Assignments 
!  Address  Placed  On  Bus (Added) 

!  Execute  Pending  Assignments 


/]t:it;itit]t]t:it;)t;it:itit>KiKitititit:!Kitit:iKit:it;it¥i(-iK»)titi|:it;)ic]t]|Ci|;it)):ititi|cit;it;it:!t»;ii;y;it>y;iKy;it««it]t4>'itiitCit!K*»/ 


T  =  i; 
next; 


!  ClocK  Cycle  1 
!  Execute  Assignment 


Prill  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
KBENABLE  =  hi; 
next ; 


!  Phase  1  Of 
!  ClocK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Dota  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enable  Data  Bus 
!  Execute  Pending  Assignments 


Prill  =  lo; 
PH12  =  hi; 
next; 


Phase  2 

Of  Clock  Cycle  1 

Execute  Pending  Assignments 


T  =  2;  !  ClocK  Cycle  2 

next;  !  Execute  Assignment 


Prill  =  hi; 
PHI2  =  lo; 


!  Phase  1 

!  Of  ClocK  Cycle  2 


!  Wait  For  Mesiory  To  Place 
!  Data  On  The  Bus 
!  Execute  loipending  i^ssignnients 


wnile  DTACKN  eql  hi 
( 

next; 


Phase  2 

Of  Clock  Cycle  2 
Execute  iSssignnents 


PHIl  =  lo; 
PHI2  =  hi; 


T  =  3; 
next; 

PHIl  =  hi; 

PHI2  =  Ic; 

DBUS<15:8>  =  hCABUSi; 
LiItUB<7;0>  MI  ABUS  +  ID; 
DTACKN  =  lo; 
next; 


•  Clock  Cycle  3 
!  Execute  Assignment 

!  Phase  1 

!  Of  Clock  Cycle  3 
!  Memory  Places  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKN(Added ) 

!  Execute  Pending  Assignments 


1=2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

); 

next;  !  Execute  Impending  Assignments 


T 

next; 
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!  Clock  Cycle  3 
!  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXBBUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Dota  Bus 
!  Is  Placed  In  External  Dota 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/%%i^.%%*t**%%tii%**iii*%%**i****isi%t*>ii***t%t%**\<*****%*%**%t%lt^****il.**%*t%/ 
1  =  Ai  !  Clock  Cycle  A 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PH12  =  lo; 

PFR  =  exdbuf; 


next; 


!  Phase  1 

'  Of  Clock  Cycle  A 
!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI  2  ==  hi; 
ASN  =  hi; 
LD5N  =  hi; 
UDSN  -  hi; 

IR  =  pfr; 


!  F'hose  2 

!  Of  Clock  Cycle  4 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
<  Deactivote  Upper  Dote  Strobe 
!  Contents  Of  Prefetch  Register 


liTACKN  =  hi; 

PC  =  PC  +  4; 
next; 

T  =  0 
) 


!  Are  Ploced  Into  Instruction 
!  Register 

!  Deactivote  Date  Tronsfer(Added ) 
!  AcKnowledge 

!  Increoient  Progruft  Counter 
I  Ev'.ecute  Pending  Assignnients 
!  Reset  ClocK  Cycle  Counter 


ondi  ;= 

< 

SRrtODE  =  lo; 
iRa5:8>  =  MCPci; 
ir:7:o>  =  hCPC  +  n; 
next; 

PC  =  PC  4  2; 

T  =  5; 
next; 

T  =  0 
) 


!  AND.U  ♦fHiFFFrSR 

!  Effect  Of  Instruction 
!  Prefetch  Next  Instruction 

!  Is  To  Set  Status  Register 
!  Increnient  Progrosi  Counter 
•  Supervisor  Bit  To  User 
!  Mode 

!  Requires  6  ClocK  Cycles 


moveinc  ;= 

< 


!  MOVE.U  Iil,(Al)  + 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS  =  Oxffff; 

RU  =  hi; 

AHENABLE  =  lo; 

ABUS  =  Oxffffff; 
HBENABLE  =  lo; 
iABUs<3i;i>  =  pc<3i;i>; 

next.; 


Phase  1  Of 
ClocK  Cycle  0 

Place  Bota  Bus  In  High  Iikpeoonce 
Meniory  Read 

Disable  Address  Bus  Buffer 
Address  Eius  High  Isipedanced 
Disable  Date  Bus  Buffer 
Place  PC  On  Internal  Address 
Bus 

Execute  Pending  Assigninents 


PHIl  =  lo; 

PHI2  =  hi; 

ADENABLE  =  hi; 

EXABUF  =  IABUS<23;i>; 

FCMODE  =  SRMODE; 
FCSPACE  =  2; 

ABUS  =  IAHUS<23;i>; 
next; 


Phase  2  Of 
ClocK  Cycle  0 
Enable  Address  Bus  Buffer 
Gate  Internol  Address  Bus 
Into  External  Address  Buffer 
User  hode 
Accessing  Program 
Address  Placed  On  Bus 
Execute  Iiipending  Assignments 


/%%t*rn*m**1^it**t%1^t**^y^■***^i^*^4■t^^**1^*%***ti**t****■***t***1^****t*t%t*/ 
T  =  1;  !  ClocK  Cycle  1 

next;  !  Execute  Assignnient 

PHIl  =  hi; 

PHI2  =  lo; 


!  Phase  1  Of 
!  ClocK  Cycle  1 


ASN  =  lo; 

LDSN  =  lo; 
unsN  =  lo; 
DBENABLE  =  hi; 
next; 


!  Assert  Address  Strobe 
!  Assert  Lower  Bata  Strobe 
!  Assert  Upper  Bata  Strobe 
!  Enable  Bata  Bus 
!  Execute  Pending  Assigniiients 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  1 
Execute  Pending  Assignments 


T  =  2; 
next; 


Clock  Cycle  2 
Execute  Assignsient 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTaCKH  eql  hi 
( 

next; 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  Heaory  To  Piece 
!  Bato  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


Phase  2 

Of  Clock  Cycle  2 
Execute  Assignments 


/tt*t*%**$ttt***%*%***%*ttt*t**t%t%***tt*******t**t^tit**%t%*t/ 


T  =  3; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

BBUSaStD  =  MCABUSi; 
BBUSs7;o>  =  MCABUS  +13; 
DTACKN  =  io; 
next; 


!  Clock  Cycle  3 
!  Execute  Assignment 

!  Phase  1 

!  Of  Clock  Cycle  3 
!  Memory  Places  Instruction 
!  On  Bata  Bus  And 
!  Asserts  BTACKN( Added) 

!  Execute  Pending  Assignments 


T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

); 

next;  !  Execute  Impending  Assignments 


/ii.i(%n*if*>i‘*r*%Jiiyf.*t$*t*ii~%**ttv%*r***%**tt*****^*t*ift******%t*t't^**tt/ 

T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  BBUS; 


next; 


!  Phose  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Bata  Bus 
!  Is  Placed  In  External  Data 
!  -Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  4; 
ne>;tf 


!  CIdcK  Cycle  4 
!  Eviecute  Assignment 


PHIl  =  hi; 
PH12  =  10} 

PFR  =  EXDBUFI 


next; 


!  Phase  1 

!  Of  Clock  Cycle  4 
!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Evtecute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LliSN  =  hi; 
UDSN  =  hi; 


DTACKN  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  4 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Are  Placed  Into  Instruction 
!  Register 

!  Deactivate  Data  Transfer (Added) 
!  Acknowledge 


T  =  5; 
next; 


Clock  Cycle  5 

Execute  Previous  Assignment 


PHIl  =  hi; 

PHI 2  =  lo; 

RW  =  hi; 

ADENABLE  =  lo; 
ABUS  =  Oxffffff; 
DBUS  =  Oxffff; 

DBENABLE  =  lo; 
lABUS  =  AEli; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  5 
!  hemory  Read 

j  Disable  Address  Bus  Buffer 
!  Address  Bus  High  Impedanced 
!  Dota  Bus  Returned  To  High 
!  Impedance  State 
!  Disable  Data  Bus  Buffer 
!  Place  AC13  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 

ADENABLE  =  hi; 

FCMODE  =  SRMODE; 

rcsprtCE  =  i; 

EXABUF  =  IABUS<23;i>; 
IDBUS  =  diluord; 

ABUS  =  I ABUS ; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  5 
!  Enable  Address  Bus  Buffer 
!  User  Mode 
!  Accessing  Program 
!  Cate  Internal  Address  Bus 
!  Place  Low  Word  from  DE13  On 
!  Internal  Data  Bus 
!  Place  Address  On  Bus 
!  Into  External  Address  Buffer 


T  =  6;  !  Clock  Cycle  6 

next;  !  Execute  Assignment 


PHIl  =  hi 


!  Phase  1  Of 


PHI2  =  lo; 

Asw  =  lo; 

Ru  =  lo; 

EXDHUF  =  innus; 

3RCARRY  =  lo; 
SRO'^Ef;  =  lo; 
SRZERO  =  lo; 
SRNE6  =  lo; 
next ; 


!  Clock  Cycle  6 
‘  Aiisert  Address  Strobe 

!  F’luce  Contents  Of  Internal 
!  Dcito  Bus  Into  External  Pate  Buffer 
!  Reset  Condition  Code  Bits 


!  Execute  F'ending  Assignaents 


PHIl  =  lo; 

PHI2  =  hi; 
if  EXDBUF  eql  0 
SRZEFiO  =  hi; 

tiBus  =  expbuf; 

PBENABLE  =  hi; 
next; 


!  Phase  2 

.!  Of  Clock  Cycle  6 
!  Set  Zero  Condition  Bit  If  Needed 

!  Place  Data  On  External  Data  Bus 
!  Enable  Pato  Pus 
!  Execute  Pending  Assigniuents 


T  =  7; 
next; 


!  Clock  Cycle  7 
!  Execute  Assignuient 


PHll  =  hi; 

PHI2  lo; 

If  EXPBUF a5> 

SRNEG  =  hi; 

UPSN  =  lo; 

LDSN  =  lo; 
twait  =  O; 
next; 

while  PTACKN  eql  hi 
( 

twait  =  twait  + 
next ; 


!  Phase  1 

!  Of  Clock  Cycle  7 

!  Set  Negative  Condition  Bit 

!  If  Needed 

!  Activote  Upper  And 

!  Lower  Paia  Strobes 

!  Wait  Cycle  Counter  Initialized 

!  Wait  For  heciory  To  Place 
!  Pata  On  The  Bus 
!  Increment  Wait  Cycle 
!  Execute  Impending  Assignments 


PHll  lo; 
PHI 2  =  hi; 
next; 


•  Phase  2 

!  Of  Clock  Cycle  7 
!  Execute  Assignments 


T  =  o;  Clock  Cycle  8 

next;  !  Execute  Assignment 


PHll  =  hi; 

PHI2  =  lo; 
if  twait  eql  2 
( 

MCABUS'J  =  PBUS<lS58>; 
rtCABUS  f  n  =  PBUS<7;0>; 
PTACKN  =  lo 
>; 

next; 


!  Phase  1 

}  Of  Clock  Cycle  8 
!  Hemory  Responds  After  2  Cycles 

!  Store  Bate  From  Bus 
!  In  rtemory 

!  Asserts  PTACKN ( Added ) 


!  Execute  Pending  Assignments 


1=7  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  7 

); 

nextj  !  Execute  Impending  Assignments 

T  =  8;  !  Clock  Cycle  8 

nextr  !  Execute  Assignment 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  8 
!  Execute  Pending  Assignments 


T  =  9;  !  ClocK  Cycle  9 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ACn  =  ACll  4  2; 
next; 

PHIl  =  lo; 

PHI2  =  hi; 

ASN  =  hi; 

LDSN  =  hi; 

UIiSN  =  hi; 

PC  =  PC  4  2; 

iR  =  pfr; 


DTACKN  = 

next; 

T  =  0 
) 


move  ;=• 


!  Phase  1 

!  Of  Clock  Cycle  9 
!  Increment  AC13 
>  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  9 
!  Deactivate  Address  Strobe 
!  Deactivote  Lower  Data  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Increment  Program  Counter 
!  Place  Contents  Of  Prefetch 
!  Register  Into  Instruction 
!  Register 

!  Deoctivate  Data  Transfer 
!  Acknowledge! Added ) 

!  Execute  Pending  Assignments 


!  MOVE.L  D2,A1 


PHIl  =  hi; 

PHI 2  =  lo; 
ADENABLE  =  lo; 
DBENABLE  =  lo; 
DPUS  =  Oxffff; 
RW  =  hi; 

I ABUS  =  PC; 

IDBUS  =  DC23; 


!  Phase  1  Of 
!  ClocK  Cycle  0 
!  Disable  Address  Bus 
!  Disable  Dato  Bus 
!  Ploce  Dato  Bus  In  High  Impedance 
!  Memory  Read 

!  Place  PC  On  Internal  Address 
!  Bus 

!  Place  Data  From  DC2]  Onto 


■■  vv.- .v.  ■.  • : .  .  .• ..  ..  V 
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next; 


!  Internal  Data  Bus 
!  Execute  Pending  Assignnients 


F'HIl  =  lo; 

PHI2  =  hi; 
ABENABLE  =  hi; 
EXABUF  =  IABU3; 

FCrtOBE  =  SRIiODE; 
FCSPACE  =  2; 
SRCAHRY  =  lo; 
SROUER  =  lo; 
SRZERO  =  lo; 
SRNEG  =  lo; 

ACID  =  IIiBUS; 

next; 

ABUS  =  exabuf; 
next; 


!  Phase  2  0-f 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Prograu 
!  Clear  Status  Register  Carry  Bit 
!  Clear  Status  Register  Overflow  Bit 
!  Clear  Status  Register  Zero  Bit 
!  Clear  S^atus  Register  Negative  Bit 
Place  Bata  Fron  Internal  Bata  Bus 
!  Into  ACl] 

!  Execute  Iiupending  Assignments 
!  Aodress  Placed  On  Bus( Added) 

!  Ex.ecute  Pending  Assignments 


T  -  1;  !  Clock  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LBSN  =  lo; 

UBSN  =  lo; 
BBENABLE  =  hi; 
if  ACll  egl  0 
SRZERO  =  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Bata  Strobe 
!  Enable  Dato  Bus 
Get  Stotus  Register  Zero  Bit 
!  If  Moved  Bata  Is  Zero 
!  Execute  Pending  Assignoients 


PHIl  =  lo; 

PHI2  =  hi; 

If  AC13<31> 
SRNEG  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  1 
!  Set  Status  Register  Negative 
!  Bit  If  Moved  Bato  Is  Negative 
!  Execute  Pending  Assignments 


T  -  o « 
»  - 

next; 


Clock  Cycle  2 
Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  BTACKN  eql  hi 
( 

next; 


!  Phuse  1 

!  Of  Clock  Cycle  2 
!  Wait  For  Memory  To  Place 
!  Bate  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI 2  =  hi; 
next; 


Phase  2 

Of  Clock  Cycle  2 
Execute  Assignments 
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T  =  3r  !  Clock  Cycle  3 

ne>tt;  !  Execute  /^ssignoient 


PHIl  =  hi; 
fHI2  =  lo; 

iibusa5:s>  =  nLABus:; 
iiBus:7:o;>  =  mcab'js  +  13; 
HTftCKN  =  lo; 
next; 


Phase  1 

Of  Clock  Cycle  3 
MeBory  Places  Instruction 
On  Data  bus  And 
Asserts  DTACKN ( Added ) 
Execute  Pending  Assignments 


1  =  2  !  Return  To  F'hase  2 

!  Of  Clock  Cycle  2 

); 


next; 


!  Execute  Impending  Assignments 


T  =  3; 
next ; 

F'HIl  =  lo; 

PHI2  =  hi; 

exubuf  =  DBus; 


next; 


*  Clock  Cycle  3 
!  Execute  Assignment 

!  Phose  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Bata  Bus 
!  Is  Placed  In  External  Dota 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  i;  !  Clock  Cycle  A 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 

PFR  =  exubuf; 


riext; 


!  Phase  1 

!  Of  Clock  Cycle  4 
!  The  Contents  Of  The  External 
»  Bato  Bus  Buffer  Are  Ploced 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 


PHIl  =  lo; 

!  Phase  2 

PH12  -  hi; 

!  Of  Clock  Cycle  4 

ASN  =  hi; 

!  Deactivate  Address  Strobe 

LIISN  =  hi; 

!  Deactivate  Lower  [lata  Strobe 

UBSN  =  hi; 

!  Deactivote  Upper  Bata  Strobe 

IR  =  pfr; 

!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 
!  Register 

BTACKlf  =  hi; 

!  Deactivate  Bata  Transfer (Added) 
!  Acknowledge 

PC  =  PC  f  2; 

!  Increment  Program  Counter 

riext; 

!  Execute  Impending  Assignments 

—4 

II 

0 

!  Reset  Clock  Cycle  Counter 

) 


M  •M  '~Jt  r-Jf  ~4 

*-\*A  * 


!  JMP  (AO) 


PHIl  =  hi; 

PH12  -  lo; 

£i£iUS  =  0;;ffff; 

RU  =  hi; 

ADENABLE  =  lo; 
rmcNABLE  =  lo; 

I ABUS  =  PC; 

next; 

pHii  =  lo; 

PHI2  =  hi; 
ahenablE  =  i.i; 
EXABUF  =  I ABUS; 

FCnODE  =  srhobe; 
FCSPACE  =  2; 
next; 

ABUS  =  EXABUF; 
next; 


*  Phase  1  Of 
!  ClocK  Cycle  0 

!  Pluce  IiQto  Bus  In  A  High  lotpedance 
!  MeRiory  Read 

!  Bisable  Address  Bus  Buffer 
!  Bisable  Bata  Bus  Buffer 
!  Place  PC  On  Internol  Address 
!  Bus 

!  Execute  Pending  Assignments 

!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Program 
!  Execute  Pending  Assignments 
>  Aodress  Placed  On  Bus (Added) 

!  Execute  Pending  Assignments 


T  =  1;  !  Clock  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PH12  =  lo; 

A3N  =  lo; 

LBSN  =  lo; 

UDSN  =  lo; 
lABUS  =  Atoi; 

BBENfiBLE  =  hi; 
next; 

PHIl  =  lo; 

PHI2  =  hi; 

PC  =  lABUS; 

next; 


!  Phase  1  Of 

<  ClocK  Cycle  1 

!  Assert  Address  Strobe 
!  Assert  Louer  Bota  Strobe 
!  Assert  Upper  Data  Strobe 
!  Move  Jump  Address  From  AC03 
!  To  Internal  Address  Buffer 

<  Enable  Data  Bus 

!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  I 
!  Place  Jump  Address  Into  Program 
!  Counter 


T  =  2;  ClocK  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi; 


!  Phase  1 


PHI2  =  lo; 
while  DTACKN  eql  hi 
( 

ne;;t; 

PHll  =  1g; 
pm2  =  hi; 
ne/.t; 


!  Of  ClocK  Cycle  2 
*  Wait  For  Meniory  To  Place 
}  Data  On  The  Ba*» 

!  Execute  Impending  iSssignuierits 

!  Phase  2 

!  Of  ClocK  Cycle  2 
!  Execute  Assig'niients 


T  =  3;  !  ClocK  Cycle  3 

next;  !  Execute  i^ssignikent 


PHIl  =  hi; 

PHI2  =  lo; 

liBus  asio:'  =  rtCABUci; 
DIiUS<7:0>  =  MCABUS  f  ii; 
DThCKN  =  lo; 
neiit; 


!  Phase  1 

!  Of  ClocK  Cycle  3 
!  rteiiiory  Places  Instruction 
!  On  [lata  bus  find 
f  Asserts  IiTACKN( Added) 

!  Execute  Pending  Assignnients 


/y<iiK»y;];(iKir«¥«y;y:«4:<c«iK»:iKiK»«»^Y«:ii:y:««:«iriK<xKiKiKCiKiKy:)KiK>K¥«:iKiKiioKi:4:iriKy:»iiK»/ 
T  =  2  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  2 


next; 


!  Execute  Xu>pending  Aiisignoients 


T  =  3;  !■  ClocK  Cycle  3 

next;  !  Execute  Assignment 


pHii  =  lo; 

PH12  =  hi; 

ExilbUF  =  [ibus; 


next; 


!  Phase  2 

!  Of  ClocK  Cycle  3 
!  Instruction  On  Data  bus 
!  Is  Placed  In  Ex'ternal  Data 
!  bus  buffer 

!  Execute  Pending  Assignments 


f  ~  4}  ClocK  Cycle  4 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 
next; 

PFR  =  EXDbUK; 


next; 

PHIl  =  lo; 
PHI2  =  hi; 
ASH  =  hi; 
LDSN  =  hi; 


!  Phase  1 

!  Of  ClocK  Cycle  4 

!  The  Contents  Of  The  External 
!  Dota  bus  buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 

!  Phose  2 

!  Of  ClocK  Cycle  A 
!  Deoctivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 


UIiSN  =  hi; 
I'TACKN  --  In; 


Deactivate  U;.per  Data  Strobe 
Deactivate  Data  Tronsfer 
ftckriouledge  (Added) 


dt 


T  -  ' 

I  -  sJ\ 

ney.i ; 


!  ClocK  Cycle  5 
!  Execute  Previous  AssignOienv 


pHii  =  lu; 
pHii'  =  lo; 

RW  =  hi; 
("iDENADLE  =  lo; 
DDENftDLE  =  lo; 
lABUS  =  Pc; 

next; 


!  Phase  1  Of 
!  ClocK  Cycle  5 
!  heiiory  Read 

!  Disable  Address  bus  buffer 
!  Disable  Data  bus  buffer 
!  Place  PC  On  Internal  Address 
!  bus 

!  Execute  Pending  Assigmuents 


PHII  =  lo; 

PH12  =  hi; 
ADENAbLE  =  hi; 
FCMODE  =  CRMODE; 
PCSPACE  =  2; 
EXADUF  ==  lAbOb; 
next; 

ARis  =  EXAbur; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  5 
!  Enable  Address  bus  buffer 
'  User  hode 
!  Accessing  Program 
!  Gate  Internal  Address  bus 
!  Into  External  Address  buffer 
!  Address  Placed  On  busIAdded) 
!  Execute  Pending  Assignuents 


T  =  6;  !  ClocK  Cycle  6 

next;  !  Execute  Assignii>ent 


PHII  =  hi; 

PHI2  =  lo; 

AS/^  =  lo; 

LDSN  =  lo; 

UL'bN  =  lo; 
DbENAbLE  =  hi; 
next ; 


'  Phase  1  Of 
!  ClocK  Cycle  6 
!  Assert  Address  Strobe 
!  Assert  Lower  Dato  Strobe 
*  Assert  Upper  Data  Strobe 
!  Enable  Data  bus 
!  Execute  Pending  Assignibents 


Phil  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

<  Of  ClocK  Cycle  6 
!  Ex.ecute  F'ending  Assignihents 


/$il.>fit.]l:)l.t:tiit:**$**n**f**:**9-*U*$***$**$f**J($*»*$$$***f*$*$$**$*t*n/ 


T  =  7; 
next; 


ClocK  Cycle  7 
Execute  Assignikent 


PHII  =  hi; 

PH12  =  lo; 

while  DTACKN  egl  hi 


I  Phase  1 

!  Of  ClocK  Cycle  7 
!  Wait  For  henory  To  Place 


<  !  Data  Qh  The  bus 

next;  <  Execute  liipending  Assignsents 


pHii  =  lo; 
F-HI2  =  hi; 
next; 


'  Phase  2 

!  Of  ClocK  Cycle  7 
>  Execute  i°issigniiients 


T  =  8;  '  Clock  Cycle  8 

next;  !  Execute  ftssignnient 


PHI]  =  hi; 

F'H12  =  lo; 

i!Busa5:3.--  =  rtCABus:; 
DUUB<7;0>  =  ME ABUS  +  li; 
[ITACKN  =  lo; 
next; 


>  Phase  1 

!  Of  Clock  Cycle  8 
!  rleniory  Places  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKNiAdded ) 

I  Execute  Pending  Assignments 


T  =  7  !  Return  To  Phose  2 

!  Of  Clock  Cycle  7 

); 

next;  !  Execute  Impending  Assignments 

T  =  S;  !  Clock  Cycle  8 

next;  !  Execute  Assignment 


PHll  -  lo; 

PHI2  =  hi; 
EXDBUr  =  DBUS; 


next; 


•  Phase  2 

!  Of  Clock  Cycle  8 
!  Instruction  On  Data  Bus 

*  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  v;  !  Clock  Cycle  9 

next;  !  Execute  Assignment 


PHII  =  hi; 
PHI2  =  lo; 

PER  =  exbbuf; 


next; 

PHII  =  lo; 
PHI2  =  hi; 
A3N  =  hi; 
LUSH  =  hi; 
UDSN  =  hi; 
PC  =  PC  f  : 

ift  =  pfr; 


DTACKN  =  hi; 


!  Phase  1 

!  Of  Clock  Cycle  9 
!  The  Contents  Of  The  External 
!  Bata  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  9 
!  Beactivate  Address  Strobe 

*  Deactivate  Lower  Dato  Strobe 
!  Deactivate  Upper  Data  Strobe 

*  Increment  Program  Counter 

!  Place  Contents  Of  Prefetch 
!  Register  Into  Instruction 
!  Register 

!  Deactivate  Data  Transfer 
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next; 
T  =  0 
> 


!  ftcKnowledgeCAdded ) 

!  Execute  Pending  Assigniiients 
!  Reset  ClocK  Cycle  Counter 


decode  execute_p refetch  *.= 

< 

case  IF; 

0x2242:  hOve  !  HOOE.L  D2»ftl 
0x32ci:  Bioveinc?  MOOE.W  I>l»<Al)  + 

0x027c:  andi  !  ANIuW  *HiFFF,SR 

047320:  ,ji.p  !  JMP  (00)  If  IR  =  Octal  Value 

esuc 

) 


n<ain  :  = 

( 

power_ori_iriitiali2e; 
fetch_initial_instPuction ; 
while  REOHY  eql  hi 
< 

decode  execute  prefetch 


n  »/ 

/%  MOTOnOLft  MC66000  hODEL  OF  THE  rtOVE.U  Lil,04((M)  INSTRUCTION  %/ 

/%  %/ 

/%  %/ 

/%  Structure  lieclorations  »/ 

/»  X/ 

state 

/»  %/ 

/X  rttSOOO  F  rograsiiiing  Fiegi  iters  X/ 

/X  %/ 

/xxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxtxxxxxxxxxxxxxtxxxxxxtxxxxxx/ 


iico:7D-:3i  J0>, 

ftLO:63<3i;o>, 

Uh7<3i:0>, 

SA7<3i:0>, 

PC<3i:o>, 

£;r<15;o>, 


!  8  Doto  Registers 
!  7  Address  Registers 
!  User  StocK  Pointer 
!  System  StocK  Pointer 
!  Prog  roil  Counter 
!  Stotus  Register 


/xxxxxxxxxtxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxtxxtxxxxxxxxxtxxt/ 
/X  X/ 
/%  Tenporory  Internol  Registers  X/ 
/X  X/ 
/xxxxxxxxxxxxxxxtxxtxxxxxtxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxx/ 


PFR<15;0>, 

iRa5:o>, 

FC<2;0>f 

EXD8UF<15;0>, 

EXARUF<23;i>, 

ALU8UH<3i;0>, 

ALUUUF2<3i;0:>, 

I'TErtP<15;0  - , 

iiisriEG<3i;o>, 

SRTEMP<15;0>, 

IRTEMP<15;0>, 

TEMPAliR<3i;0>, 

ACTYPE<15:0>, 

VECADR<23:0>, 


Prefetch  Fiegister 

Instruction  Register 

Function  Code  Register 

Externol  Doto  Bus  Buffer  Register 

E>:ternoi  Address  Bus  Buffer  Register  (changed) 

ALU  Buffer  1 

ALU  Buffer  2 

Ttisporory  Eiato  Storoge 

Teibporory  Disploceitent  Storoge 

Teikporory  Status  Register  Storoge 

(Exception  Processing) 

Teiiporory  Instruction  Register  Storoge 
(Exception  Processing) 

Teibporory  Cycle  Address  Storoge 
(Exception  Processing) 

Teibporory  Accers  Type  Storoge 
(Exception  Processing) 

Teiiporory  Vector  Address  Storoge 
(Exception  Processing) 


HANADR<3i:0>» 

T<7:0>, 

RESET, 

HALT, 

F;u, 

ahenahle , 

liBENABLE , 

ASM, 

LKSN , 

UHSM, 

DTaCKN, 

COUT , 

EXCEPT, 

reahy. 


!  Teiiporory  Address  Storage  For 
!  Exception  Handler  Routine 
!  Clock  Cycle  Counter 
Reset  Flip-Flop 
Halt  Flip-Flop 
Read/Urite  Flip-Flop 
Address  Bus  Buffer  Enable 
Bata  Bus  Buffer  Enable 
Address  Strobe  Flip-Flop 
Lower  Bata  Strobe  Flip-Flop 
Upper  Bate  Strobe  Flip-Flop 
Bata  Transfer  Acknowledge  Flip-Flop 
Carry  Flip-Flop 

E>;ception  Processing  Flip-Flop 
Ready  Flip-Flop 


/%  t/ 
/%  Model  transforttiution  niodif icationst  */ 
/%  %/ 
/X  1)  CBL  decoder  structure  nonexistent  in  ISP'  and  un-  */ 
/X  necessary  for  niodel.  Eliminated.  X/ 
/X  2)  Multi-phase  clock  structure  nonexistent  in  ISP'.  »/ 
/X  Operations  on  registers  will  provide  its  equivalent.  X/ 
/X  3)  Switch  structure  nonexistent  in  ISP'.  Operation  on  a  %/ 
/»  register  will  provide  its  equivalent.  X/ 
/X  4)  The  declared  bus  structures  are  modeled  with  registers  X/ 
/X  without  loss  of  model  accurracy.  This  done  to  osaintain  nodel  X/ 
/X  equivalency  and  simplicity.  %/ 
/X  S)  The  Memory  word  length  was  reduced  froni  16  to  8  bit  X/ 
/X  words  to  coincide  with  the  ECB's  32-Kbyte  bekory,  to  agree  with*/ 
/%  their  PC  inc reiientation,  and  to  enable  the  use  of  existing  */ 
/X  MC6BOOO  asseabler  and  linker/loader  Models.  The  Memory  was  */ 
/»  alsc  reduced  froM  8  rtwords  to  32  Kbytes.  */ 
/*  »/ 
/Xi;«*f«|0|.]|;y:«»*«:**i|i**»«)K*;ri*<:y»**i:*»**«**»*4:*y>*«:»***<|(*<«»*»;*y**»****»***/ 


IABUSai;0>, 

IBBUS<3i:0>, 

twait<4;0>, 

SWITCH, 

PHll, 


!  Internal  Address  Bus 
!  Internal  Bata  Bus 
!  Wait  State  Counter 
Power  Switch 

Phase  1  Of  Two-Phose  Clock 
Phase  2  Of  Two-Phase  Clock 


/yyyyyyyyyyyyyyyyyyyyyyyyyfyyyyyyyyyyyyyyymyyvyyyyyyyyyyyyyyyyyyyyyyyy/ 

/*  */ 

/X  External  Address  and  Bata  Bus  */ 

/*  y/ 

/X%%%%ti(.t%1(.XX%XXXXXXX%X%$-XXXXXXXXXXXX%XXXX%XXX%%%tX%XXtX%X%XXXXX%tX%X%%X/ 


BBUS<15:0>, 


!  External  Bato  Bus 


/ttit:i%>i^it-t-**%t*ii^^^***r^*****%t*il^t%t*i^tt*iii.%%%t*t***t%*%^*tt**%**t*%***%t%**t*/ 
/%  %/ 

/%  f»eqister  Subfields  */ 

/%  */ 


F'CiSliDR 

= 

PC;23:oy,  ! 

Program  Counter  Address  Field 

SRTUftCL 

= 

GR':i5>,  ! 

1  race  Pit 

SRMOHE 

= 

SR-as:-,  ! 

Mode  Selection  Pit 

SRCAFiRY 

= 

SR<07 ,  ! 

Carry  Pit 

SftOyER 

= 

SRa>,  ! 

Overflow  Pit 

SRZERO 

= 

SF;<2>,  ! 

Zero  Pit 

SRNEG 

= 

SR<3:.- ,  ! 

Negative  Pit 

SfjEX 

= 

SR<4>,  ! 

Evitend  Pit 

SRMA'jK 

= 

sr:io:8;,  ! 

Interrupt  Mask 

FCSPACE 

= 

FC<1;0>,  ! 

Memory  Access  Address  Space 

FCnODE 

= 

FC<2>,  ! 

User/Gupervisor  Mode  Pit 

PCLtJW 

= 

pca5:o>,  ! 

PC  Low  Word 

PCHI 

= 

pc<3i:i6:-,  ! 

PC  High  Word 

LiOLUORIi 

iico:<i5:o>,  ! 

DC03  Low  Word 

lilLUOkli 

s 

ncuasjo;,  i 

PC  13  Low  Word 

II2LUORII 

s: 

liC2j  :;i5:0>,  ! 

PC23  Low  Word 

[I3LWC  '1 

= 

IiC33<15:0>,  ! 

PC33  Low  Word 

li4LU0R£< 

IIC43<1S;0.>,  ! 

liC43  Low  Word 

DSLUORIi 

- 

HCSDatOOV,  ! 

PCS3  Low  Word 

li6LU0r;li 

s 

LiC63<15:0>,  ! 

DC63  Low  Word 

D7LWORri 

s 

riC7]<i5:o.. ,  ! 

PC73  Low  Word 

laSREGHWORIi 

= 

IiISRLG<3i;i6>,! 

PISREG  High  Word 

MSREGLUORli 

s 

iiisreg:i5:o;  ,  ! 

PISREG  Low  Word 

FIANMIiRLOU 

=; 

HANFiLiR<15:0>,  ! 

HANAPR  Low  Word 

HANAliRHI 

- 

HAHAllR  '3i:i6;  ,  ! 

HANAPR  High  Word 

TEMF'ftliRLOU 

= 

TEMPAliR<l‘j;0>,  I 

TEMPAPFi  Low  Word 

TEMPALiRHI 

= 

TEMPArtR<3i:i6>; 

TEMPAPR  High  Word 

DieBiory 

/*  */ 

/*  16K  16-Fat  Word  Internol  Memory  »/ 

/»  t/ 

/t%%%%i-f.*t%*%tyi-*****%*.%*t******%*********%*%***%*^**t^***t*l^*****'i/-**t***t*/ 


MC0:32767]<7;0>; 


macro 


/X  X/ 


on  =  1  i » 
clear  =  0  i ; 

/%  »/ 

/»  F'ower  On  afid  Iniviulizution.  Thit,  process  was  not  modeled  but  is  t/ 
/\  added  to  initialize  signals  and  registers.  C/ 

/»  %/ 


powei'_ori_initialize  2  = 

( 

SUITCh  =  on; 
ne;;t; 

READY  =  lo; 

RESET  =  lo; 
delaydOO) ; 

RESET  =  hi; 
next; 

ASN  =  hi; 

LDSN  =  hi; 
unsN  =  hi; 

DTACKK  =  hi; 

RU  =  hi; 

DBUS  =  Oxffff; 
HCOxlOOel  =  Oxff; 
MCO;;100f3  =  0/ff; 
HALT  =  hi; 

T  =  o; 

READY  =  hi; 


!  Turn  Power  On 
!  Execute  Assignment 
!  System  Not  Ready 

!  Assert  Reset  For 

!  100  Hiliseconds(AiCtive  Lou) 

!  Deactivate  Reset 
!  Execute  Pending  Assignments 
>  Initialize  Address  Strobe 
!  Initialize  Lower  Data  Strobe 

Initialize  Upper  Dota  Strobe 

!  Initialize  Data  Transfer  AcKnowledge 
!  Initialize  Read/U rite (Read  On  High) 

!  Ploce  Data  bus  In  High  Impedonce  State 
!  Place  Keitory  Locations  Following  The 
!  JMP  Instruction  In  A  High  State 
!  Initialize  Halt  Flip-Flop (Active 
!  Lou) 

!  Initialize  ClocK  Cycle  Counter 
*  SystcBi  Ready 


/%  %/ 

/%  Routine  Initialization  Per  hamby  and  Guillory  %/ 

/%  %/ 

/$txxx>*xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx*xxxtxxxx*xxx*x*xx*xx*xt/ 

Dm  =  0x5555;  !  Place  Hex  5555  Into  DCll 

ACOl  =  0x1004;  '  Ploce  Hex  1004  Into  AC03 

ALU  =  0x2000;  !  Store  Data  At  This  Address 

PC  =  OxlOOO;  !  Place  Hex  1000  Into  Program  Counter 

next  !  Execute  Assignments 


/»  %/ 
/t  Initial  Fetch  Cycle.  This  cycle  was  not  modeled  but  is  necessary  »/ 

/X  to  retrieve  modeled  instructions  for  simulation  and  analysis.  It  %/ 
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/*  uu5  fashsioneo  fron.  the  Read  Cycle  described  by  Hauiby  and  Guillory  \/ 
/%  on  page  VI-IS  of  their  thesis.  */ 
/%  %/ 


fetch  initial  instiuction  J= 
'( 


PHIl  =  hi; 

PHI2  =  lo; 

KU  =  hi; 
ADENABLE  =  lo; 
DBENABLE  =  lo; 
I ABUS  =  Pc; 

next; 


!  Phase  1  Of 
!  Clod;  Cycle  0 
t  heuiory  Read 

!  Disable  Address  bus  bu-'fer 
!  I'lSuble  Date  bus  buffer 
'  Place  PC  On  Internal  Address 
!  bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
rtUENABLE  =  hi,* 
EXAbUF  =  lAbus; 

FCrtODE  =  sraode; 

FCSPACE  =  2; 
next; 

Abus  =  EXAbur; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  buffer 
!  Gate  Internal  Address  bus 
!  Into  External  Address  buffer 
!  User  Hode 
*  Accessing  Program 
I  Execute  Impending  Assignments 
!  Address  Placed  On  busiAddedl 
!  Execute  Pending  Assignrnents 


/t$»!t:$*ttii:i^.$ili*1^*.**i}^U*t*»:$*)<:**$$$*t********$$in$*ii:t**t$$*********t$/ 


T  =  1; 
next; 


!  Clock  Cycle  1 
!  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LUSN  =  lo; 
unsN  =  lo; 
UbENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  1 
'  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enoble  Data  bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PH12  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  1 
!  Execute  Pending  Assignments 


T  =  2;  !  Clock  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

while  DIACKN  eql  hi 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  hemory  To  Place 


( 

next; 


!  Duto  On  The  Bus 
!  Execute  Inipending  iSssignuierits 


PHIl  =  lo; 
PHI  2  =  tii; 
ne.'.'t; 


Phase  2 

Of  ClocK  Cycle  2 
Execute  Assigniiients 


/  y  «  x:  y.  s  ij.  X «  c  r. «:  c  »- ic »  v  «  DC » y; « IL  4:  f  ^  4:  i): » ilk  y:  / 


T  =  3; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

DBUSaSlO;  =  MLlSBUSi; 
LiBUSatO^  =  MEABUG  +  Ij; 
DTACKN  =  lo; 
next; 


*  ClocK  Cycle  3 
!  Execute  AssignDient 

!  Phase  1 

!  Of  ClocK  Cycle  3 
!  Meniory  Places  Instruction 
!  On  Bata  Bus  And 
'  Asserts  BTACKN(Added ) 

!  Execute  Pending  Assignixents 


T  =  2  !  fieturn  To  Phase  2 

!  Of  ClocK  Cycle  2 

); 

next;  !  Execute  luipending  Assignuents 


/j|:)Ky;i|:4;y4;it;»»]ry:4:]|:ykk')ry;y:4:i|:4:4;y:y:]r4:«:y:iKV«:iKi:x»4:¥iKi:4r!K9;]ry:»:iKi|t4;vv4t4;!)c4;4;!|i4[4:»4C4:i|c:K»/ 
T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assigniiient 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUr  =  BBUS; 


next ; 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Bata  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  4; 

!  ClocK  Cycle  4 

next; 

!  Execute  Assigneient 

PHIl  = 

hi; 

!  Phase  1 

PHI  2  = 

lo; 

!  Of  ClocK  Cycle  4 

PFP  = 

exbblif; 

1  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 

next; 

!  Execute  Pending  Assignments 

PHIl  = 

lo; 

Phase  2 

PHI2  = 

hi; 

!  Of  Clock  Cycle  4 

ASN  = 

hi; 

!  Deactivate  Address  Strobe 

LBSN  = 

hi; 

!  Deactivate  Lower  Date  Strobe 

unsN  = 

hi; 

!  Deactivote  Upper  Data  Strobe 

IR  =  pfr; 

!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 

DTACKN  =  hi; 


PC  =  PC  +  •»; 
next; 

T  =  0 
) 


!  Register 

!  Deactivote  Dota  TronsferCftdded ) 
!  AcKnouledge 

!  Increment  Progrom  Counter 
<  Execute  F'ending  Assignments 
!  Reset  Clock  Cycle  Counter 


( 

SRMODE  =  loj 
IR<15:8>  =  HCPC3; 
IR<7;0>  =  MCPC  +13; 
next; 

PC  =  PC  4  2; 

T  =  5; 
next; 

T  =  0 
) 


!  ANR.U  ♦$DFFF,SR 

!  Effect  Of  Instruction 
Prefetch  Next  Instruction 

'  Is  To  Set  Status  Register 
!  Increment  Progroi.  Counter 
!  Supervisor  Bit  To  User 
!  Hode 

!  Requires  6  Clock  Cycles 


!  MOVE.U  lil,4(Al)  C8(A1)3 


( 


PHIl  =  hi; 

PHI2  =  lo; 

UBus  =  oxffff; 

Ru  =  hi; 

ahenable  *  lo; 

ABUS  =  Oxffffff; 
ubenable  =  lo; 
iABus<3i;i>  =  pc<3i;i>; 


next; 


!  Phase  1  Of 
!  Clock  Cycle  0 

I  Place  Boto  Bus  In  High  Impedance 
!  Memory  Read 

!  Disable  Address  Bus  Buffer 
!  Address  Bus  High  Impedanced 
I  Disable  Bata  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 

AIOABLE  =  hi; 

EXABUF  =  lABUS;23;i>; 

FCMOBE  =  SRMOBZ; 
FCSPACE  =  2; 

ABUS  =  IABUS<23;i>; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internol  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Program 
!  Address  Placed  On  Bus 
>  Execute  Impending  Assigfiments 


T  =  i;  !  Clock  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 
ASN  lo: 


!  Phase  1  Of 
!  Clock  Cycle  1 
>  Assert  Address  Strobe 


LDSN  =  lo; 
unsN  =  lo; 
UBENABLE  =  hi? 


!  Assert  Lower  Iiotu  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enoble  Date  Dus 
!  Evifecute  Pending  Assigniiients 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  I 
!  Execute  Pending  Assigniuents 


T  =  2; 
next; 


Clock  Cycle  2 
Execute  AssignBient 


PHIl  =  hi; 

PH12  =  lo; 
while  DTACKN  eql  hi 
( 

next; 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Uait  For  hesory  To  Place 
!  Data  On  The  Dus 
!  Execute  Impending  Assignihents 


PHIl  =  lo; 
PHI2  =  hi; 
next ; 


!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  Assignments 


T  =  3; 

next; 

PHIl  =  hi; 

PHI2  s  lo; 

IiDUS<15:8>  =  HCADUSi; 

riDUS<7;o.5  =  HCABus  +  n; 

DTACKN  =  lo; 
next; 


!  Clock  Cycle  3 
!  Execute  Assignment 

!  Phase  1 

!  Of  Clock  Cycle  3 
!  Heiiory  Places  Instruction 
!  On  Doto  Dus  And 
!  Asserts  DTACKNi Added) 

!  Execute  Pending  Assignments 


T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

); 

next;  *  Execute  Impending  Assignments 


T  =  3; 
next; 


!  Clock  Cycle  3 
!  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXBDUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Data  Dus 
!  Is  Placed  In  External  Dato 
!  Dus  Buffer 

!  Execute  Pending  Assignments 


T  =  4;  !  Clock  Cycle  4 
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next; 


!  Execute  Assigniient 


PHIl  =  hi; 

PH12  =  lo; 

niSREG  =  EXUBUF  sxt  32; 
next; 


Phase  1 

Of  ClocK  Cycle  4 

Store  Disploceaent 

Execute  Pending  Assignaents 


PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LUSN  =  hi; 
UOSN  =  hi; 


PC  =  PC  +  2; 

niSHEG  =  HISREG  +  him 

DTACKN  =  hi; 


next; 


!  Phase  2 

!  Of  ClocK  Cycle  4 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Dato  Strobe 
!  Deactivate  Upper  Dota  Strobe 
!  Are  Placed  Into  Instruction 
*  Register 

I  Increaent  Progroa  Counter 
!  Add  Address  Register  To  Displaceiuent 
!  Deactivate  Data  Transfer (Added) 

!  Acknowledge 


T  =  5i 
next; 


ClocK  Cycle  5 

Execute  Previous  Assignaent 


PHIl  =  hi; 

PHI2  =  lo; 
ftW  =  hi; 

ADEN  ABLE  =  Ic-; 

ABUS  =  Oxffffff; 

UBus  =  oxffff; 

DBENABLE  =  lo; 

iABus<3:;i>  =  pc<3i;i>; 


next; 


!  Phase  1  Of 
!  ClocK  Cycle  5 
!  Heaory  Reod 

!  Disable  Address  Bus  Buffer 
!  Address  Bus  High  lapedanced 
!  Data  Dus  F;eturned  To  High 
!  Impedance  State 
!  Disable  Date  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 

ADENABLE  =  hi; 

rcMODE  =  srmode; 

FCSPACE  =  2; 

EXABur  =  iABus:23;i>; 
ABUS  =  IABUS<23;i>; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  5 
!  Enable  Address  Bus  Buffer 
!  User  Hode 
!  Accessing  Data 
!  Gate  Internol  Address  Bus 
!  Place  Address  On  Bus 
!  Into  External  Address  buffer 


/i:ifilit:$if$$)!i$$$i::i:]li1c$Jli*9:$n*$i*$*^*$*$*********$*****************$K**t/ 
T  -  6',  !  ClocK  Cycle  6 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  s  lo; 
UDSN  =  lo; 
LDSN  =  lo; 


!  Phase  1  Of 
!  ClocK  Cycle  6 
!  Activate  Upper  And 
!  Lower  Data  Strobes 


ftSN  =  lo; 
DBENABLE  =  hij 
next; 


!  ftssert  Address  Strobe 
!  Enable  boto  bus 
!  Execute  Pending  Assignaents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  6 
!  Execute  Pending  Assigneents 


T  =  7; 
next; 


!  ClocK  Cycle  7 
!  Execute  Assignuient 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTaCKN  eql  hi 
( 

next; 


!  Phase  1  Of 
!  ClocK  Cycle  7 
!  Wait  For  heinory  To  Place 
!  Data  On  Th.e  bus 
!  Execute  loipending  Assigniients 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


Phase  2 

Of  ClocK  Cycle  7 
Execute  Assigniients 


T  =  q; 
next; 

PHIl  =  hi; 

PHl"^  —  1  ^  * 

bbus::is.:8>  =  MtAbusi; 

DbUS<7:0>  =  rtCAbUG  +13; 

DTACKN  =  lo; 

next; 


!  ClocK  Cycle  6 
!  Execute  Assignaent 

•  Phase  I 

!  Of  ClocK  Cycle  8 
!  Meiiory  Places  Instruction 
!  On  Data  bus  And 
!  Asserts  IilADKN( Added) 

!  Execute  Pending  Assignuents 


**$*$*$*$**$*****$*$$****$***$**/ 

T  =  7  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  7 

); 

next;  !  Execute  Inpending  Assigniients 


/t:ifit:****it>m**$*il^**ii:$t*4:*it‘il‘**$$if****:i'*U'**il:*i:$*$*$$**$$*t$**$*t$**$/ 
1=8;  !  ClocK  Cycle  8 


next; 


!  Execute  Assignnent 


PHIl  =  lo; 

PHI 2  =  hi; 
EXDbUF  =  DbUS; 


next; 


!  Phase  2 

!  Of  ClocK  Cycle  8 
>  Instruction  On  Data  bus 
!  Is  Placed  In  External  Data 
!  bus  buffer 

!  Execute  Pending  Assigniients 


/$lli1iif,4i*t>ii*4i**-4.U*‘^***ili*^i>‘******i-*i(i************^*^*‘$*-********$*******/ 

T  =  9;  !  ClocK  Cycle  9 

next;  !  Execute  Assigniient 


PHIl  =  hi; 

!  Phose  1 

PHI2  =  lo; 

!  Of  Clock  Cycle  9 

PFft  =  EXDBUf; 

The  Contents  Of  The  External 
!  Bata  bus  Buffer  Are  Placed 
!  In  Prefetch  Register 

fier.t; 

!  Execute  Pending  Assignbents 

pHii  =  lo; 

!  Phase  2 

PHI 2  =  hi; 

!  Of  Clock  Cycle  9 

ASH  s  hi; 

!  Deactivate  Address  Strobe 

LUSH  =  hi; 

!  Deactivate  Lower  Data  Strobe 

UDSN  =  hi; 

!  Deactivate  Upper  Data  Strobe 

UTACKN  =  hi; 

!  Deactivate  Data  Transfer (Added) 

!  Acknowledge 

next; 

!  Execute  Pending  Assigninents 

T  =  lo; 

1  Clock  Cycle  10 

next; 

'  Execute  Assigninent 

PHII  =  hi; 

•  Phase  1  Of 

PHI2  =  lo; 

!  Clock  Cycle  10 

nisus  =  Oxffff; 

!  Place  Data  bus  In  High  Ibpedance 

RU  -  hi; 

!  Meiiory  Read 

ADENAbLE  =  lo; 

>  Disable  Address  Bus  Buffer 

ARIS  =  Oxffff  ft'; 

!  Address  bus  High  Iiipedanced 

UBENAtLE  =  lo; 

1  Disoble  Date  bus  Buffer 

I Abus  =  disreg; 

!  Place  DISREC  On  Internal  Address 

!  bus 

next; 

!  Execute  Pending  Assignaents 

PHII  =  lo; 

!  Phase  2  Of 

PHI2  =  hi; 

!  Clock  Cycle  10 

ADENAbLE  =  hi; 

!  Enable  Address  Bus  Buffer 

EXAbUF  =  IAbUS<23;i>; 

!  Cate  Internal  Address  Bus 
!  Into  External  Address  Buffer 

iiibus  =  luluord; 

!  Place  Low  Word  Of  DC  13  On  Bus 

FCrtOIiE  =  SRrtOI'E; 

!  User  Mode 

FCSPACE  =  i; 

*  Accessing  Dota 

AbUE  =  iAbU5<23;i>; 

!  Address  Placed  On  Bus 

hc/it ; 

■  Execute  Impending  Assignments 

T  =  ii; 

!  Clock  Cycle  11 

next; 

!  Execute  Assignment 

PHI]  =  hi; 

!  Phase  1  Of 

PH12  =  lo; 

!  Clock  Cycle  11 

ASN  =  lo; 

Ru  >  lo; 

!  Assert  Address  Strobe 

EXCbUF  =  IHBUS; 

!  Place  Contents  Of  Internal 
!  Data  Bus  Into  External  Bata  Buffer 

!  Reset  Condition  Code  Bits 


SRCARRY  =  loj 
SROVER  =  lo; 

SRZERO  =  lo; 

SRNEG  =  lo; 

next;  !  Execute  Rending  Assignments 


RHIl  =  lo; 

RHI2  =  hi; 
if  EXriBUF  eql  0 
SRZERO  =  hi; 

DBus  =  exdbuf; 

DBENABLE  =  hi; 
next; 


!  Rnose  2 

!  Of  Cloch  Cycle  11 
!  Set  Zero  Condition  Bit  If  Needed 

!  Rloce  Bato  On  External  Bota  Bus 
!  Enable  Bata  Bus 
!  Execute  Rending  Assignments 


T  =  12;  !  ClocK  Cycle  12 

next;  !  Execute  Assignment 


RHIl  =  hi; 

RHI2  =  lo; 
if  EXDBUF<15> 

SRNEG  =  hi; 

UBSN  =  lo; 

Ll'SN  =  lo; 
twait  =  o; 
next; 

while  BTACKN  eql  hi 
( 

twait  =  twait  +  i; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  12 

!  Set  Negative  Condition  Bit 

!  If  Needed 

!  Activate  Upper  And 

!  Lower  Bate  Strobes 

!  Wait  Cycle  Counter  Initialized 

!  Wait  For  Memory  To  Place 
)  Xiata  On  The  Bus 
!  Increment  Wait  Cycle 
!  .  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  12 
(  Execute  Assigntients 


/1,t%\i}t.1^1f$i^tt*tri%***tt*t***t****tt*tt%*%****1i*****tt*tt%*tt*t/ 
T  =  13;  !  Clock  Cycle  13 

next;  !  Execute  Assignment 


PHll  =  hi; 

PHI2  =  lo; 
if  twait  eql  2 
< 

MXABUS'J  =  BBUS<15;8>; 
MCABUS  +  11  =  BBUS<7;0>; 
DTACKN  =  lo 
); 

next; 


!  Rhose  1 

!  Of  Clock  Cycle  13 
!  Memory  Responds  After  2  Cycles 

<  Store  Bata  From  bus 
•  In  Memory 

!  Asserts  DTACKN (Added) 

!  Execute  Rending  Assignments 


T  =  12  !  Return  To  Phase  2 

!  Of  Clock  Cycle  12 


); 


next; 


!  Execute  lupeoding  Assignaients 


T  =  13; 

!  Clock  Cycle  13 

next; 

!  Execute  Assignoient 

PHIl  =  lo; 

!  Phase  2 

PHI2  =  hi; 

!  Of  Clock  Cycle  13 

next; 

!  Execute  Pending  Assignments 

T  =  h; 

!  Clock  Cycle  14 

next; 

!  Execute  Assignment 

PHIl  =  hi; 

!  Phase  1 

PHI2  =  lo; 

!  Of  Clock  Cycle  14 

next; 

!  Execute  Pending  Assignments 

PHIl  =  lo; 

!  Phase  2 

PHI2  =  hi; 

!  Of  Clock  Cycle  9 

ASN  =  hi; 

!  Deactivate  Address  Strobe 

LDSN  =  hi; 

!  Deactivate  Lower  Data  Strobe 

UDSN  =  hi; 

!  Deactivate  Upper  Duto  Strobe 

PC  =  PC  +  2; 

!  Increment  Progrom  Counter 

IR  =  pfr; 

!  Place  Contents  Of  Prefetch 
!  Register  Into  Instruction 
!  Register 

dtackn  =  hi; 

!  Deactivate  Data  Tronsfer 
!  Acl'.nowledge(Added) 

next; 

!  Execute  Pending  Assignments 

!  JMP  (AO) 


PHIl  =  hi; 

PHI2  =  lo; 
neus  =  oxffff; 
RU  -  hi; 
ADENAP:E  =  lo; 
DBENAtfLE  =  lo; 
lABUS  =  PC; 

next; 


!  Phase  1  Of 
!  ClocK  Cycle  0 

!  Place  Data  Dus  In  A  High  Ihpeflance 
!  rteiiory  Read 

!  Disable  Address  Dus  Duffer 
!  Disable  Data  Dus  Duffer 
!  Place  PC  On  Internal  Address 
!  Dus 

!  Execute  Pending  Assigneents 


pKii  =  lo; 

PHI2  =  hi; 
ADENADLE  =  hi; 
EXADUF  -  lADUS; 


!  Phase  2  Of 
!  ClocK  Cycle  0 
!  Enable  Address  Dus  Buffer 
!  Cate  Internal  Address  Dus 
!  Into  External  Address  Buffer 


rcMODE  =  srmode; 
FCSPACE  =  2; 

ABU5  =  exahuf; 

next; 


!  User  node 
!  Accessing  Progrant 
I  Execute  Pending  Assignments 
!  Address  Placed  On  E(us(Added) 
!  Execute  Pending  Assignments 


T  =  1;  !  ClocK  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PH12  =  lo; 

ASN  =  lo; 

LItSN  =  lo; 

UDSN  =  lo; 
lAFUS  =  ACOi; 

UbENAPLE  =  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  1 
!  Asserv  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
!  Move  Jump  Address  From  ACOl 
!  To  Internal  Address  Duffer 
!  Enable  Data  Dus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 

PC  =  iabus; 

next; 


!  Phase  2 

!  Of  Clock  Cycle  1 
!  Place  Jump  Address  Into  Program 
>  Counter 


7=2;  !  ClocK  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi; 
fHI2  =  lo; 
while  DTACKN  eql  hi 
< 

next; 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  Memory  To  Place 
!  Data  On  The  Dus 
*  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  Assignments 


T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

Ii»US<15;8>  =  ME  ABUS] ; 
DBUS<7:0>  =  ME  ABUS  4-13; 
DTACKN  =  lo; 
next; 


•  Phase  1 

!  Of  Clock  Cycle  3 
!  Memory  Places  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKN (Added) 
f  Execute  Pending  Assignments 


T  =  2  !  Return  To  Phase  2 


!  Of  ClocK  Cycle  2 


); 

ne:;t} 


!  Execute  iRipendinq  i^ssigninents 


/t).](.*t*tt*t*****iti-**t%*t**-**t.**%.**%tyi.t*t%t*%****t*ttt**%**%t*t%*iiii%/ 
T  =  3;  !  ClocK  Cycle  3 

next;  !  Execute  Assigniiient 


PHIl  =  lo; 

PHI2  =  ni; 
EXDPUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  ClocK  Cycle  3 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Dato 
!  Bus  Buffer 

!  Execute  Pending  i^ssignibents 


T  =  4;  !  ClocK  Cycle  4 

next;  !  Execute  ftssigniient 


next  5 

PHIl  =  lo; 
PI-112  =  hi; 
ASN  =  hi; 
LDSN  =  hi; 
LIDSN  =  hi; 
DTACKN  =  hi; 


PHIl  =  hi;  !  Phase  1 

PHI2  =  lo;  »  Of  ClocK  Cycle  4 

next; 

PFR  =  EXDKUF;  !  The  Contents  Of  The  External 

!  Dota  Bus  Buffer  Are  Ploced 
!  In  Prefetch  Register 

next;  !  Execute  Pending  Assignments 

PHIl  =  lo;  !  Phase  2 

PI-112  =  hi;  !  Of  ClocK  Cycle  4 

ASN  =  hi;  !  Deactivate  Address  Strobe 

LDSN  s  hi;  !  Deoctivote  Lower  Data  Strobe 

UDSN  =  hi;  !  Deactivate  Upper  Dota  Strobe 

DTACKN  =  hi;  !  Deactivate  Dota  Tronsfer 

!  AcKnowiedge(Added) 

next; 

T  =  5;  !  ClocK  Cycle  5 

next;  ^  !  Execute  Previous  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

RW  =  hi; 

ADENABLE  =  lo,' 
DBENABLE  =  lo; 

I ABUS  =  pc; 

next; 

PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
FCMODE  SRMODE; 
FCSPACE  =  2; 


!  Phase  1  Of 
!  ClocK  Cycle  5 
!  Heiiory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 

!  Phose  2  Of 
!  ClocK  Cycle  5 
!  Enable  Address  Bus  Buffer 
!  User  Mode 
!  Accessing  Program 


f  if  1 


tXAHUF  =  IAR'G; 
next; 

AHUs  =  EXhtur; 
next; 


!  Gote  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  Address  F'laced  On  Bus(Added) 

!  Execute  Pending  Assignments 


T  =  6i 
fiext; 


ClocK  Cycle  6 
Execute  Assignaient 


PHIl  =  hi; 

PH12  =  lo; 

ASK  =  lo; 

LD5N  =  lo; 
ui'SN  =  lo; 
DBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  6 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enable  Data  Bus 
!  Execute  Pending  Assignihents 


PHIl  =  lo; 
PHI2  =  hi; 
n  ext ; 


Phase  2 

Of  ClocK  Cycle  6 

Execute  Pending  Assignments 


1=7;  !  ClocK  Cycle  7 


next; 


!  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
< 

next; 


!  Phase  1 

!  Of  ClocK  Cycle  7 
!  Wait  For  Hemory  To  Place 
!  Data  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  7 
!  Execute  Assignments 


T  =  8; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

DBUS<15;8:  =  MCABUSi; 
DBU5<7:0>  =  MtABUS  +11; 
DTACKN  =  lo; 
next; 


!  ClocK  Cycle  8 
!  Execute  Assignment 

!  Phase  1 

!  Of  ClocK  Cycle  6 
!  Memory  Places  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKN(Added ) 

!  Execute  Pending  Assignments 


/%ifttt***/l-*t*%*%***$$%t^***t**t*9t*t***t**t***t*tt**t%t*%%*tt/ 

T  =  7  !  fieturn  To  Phase  2 

!  Of  Clock  Cycle  7 

); 

next;  !  Execute  Impending  Assignments 


!  ClocK  Cycle  8 
!  Execute  i^ssignikent 


T  =  8{ 
next; 

F-HIl  =  lo;  !  Phase  2 

PHI2  =  hi;  !  Of  ClocK  Cycle  8 

EXIiBUF  =  DBUS;  !  Instruction  On  Data  Bus 

!  Is  Ploced  In  External  Dota 
!  Bus  Buffer 

next;  !  Execute  Pending  i^ssignments 


T  =  9; 
next; 

PHIl  =  hi; 
PHI2  =  lo; 

PKR  =  exbbuf; 


next; 

PHIl  =  lo; 
PHIL-  =  hi; 
rtSN  =  hi; 
LUSH  =  hi; 
UDSN  s  hi; 

PC  =  PC  4  2; 
IP  =  PFp; 


BTrtCKN  =  hi; 

next; 

T  =  0 
) 

decode  execute  prefetch  != 

< 

case  IP 

0x3341 ; 
0x027c ; 
047320: 

esac 

) 

iktiin  ;  = 

( 

power _on_initialize; 
f etch_ in itiol_ instruct ion } 
while  READY  eql  hi 
( 

decode  execute  prefetch 


!  ClocK  Cycle  9 
!  Execute  Assignsient 

!  Phase  1 

!  Of  Clod;  Cycle  9 
!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignikents 

Phase  2 

!  Of  ClocK  Cycle  9 
!  Deactivote  Address  Svrobe 
!  Deoctivate  Lower  Date  Strobe 
!  Deactivote  Upper  Data  Strobe 
!  Increiient  ProgroA  Counter 
!  Place  Contents  Of  Prefetch 
!  Register  Into  Instruction 
I  Register 

!  Deoctivote  Data  Tronsfer 
!  AcKnowledge (Added) 

!  Execute  Pending  Assignftents 
!  Reset  ClocK  Cycle  Counter 


Aove  ■  HOVE.U  Dlf4(Al)  CB(A1)1 

andi  !  AND»W  ♦tDFFF,SR 

jmp  ?  JMP  (AO)  If  IR  =  Octal  Value 


/»  >/ 

/*  rtOTOROLA  MC68000  MODEL  OF  THE  MOVE.U  IH, 04(61, D7)  IMSTRUCTIOM  »/ 

/»  */ 

/iii%t*******Tf.%'^)^%t****%t***^**t*tJ^y^tt*t*^*t**^*%*t'ii.***t*ii.**%**t**t**v.%*tt/ 
/%  %/ 

/%  Structure  Declorotions  %/ 

/%  %/ 

State 

/*  t/ 

/%  M6bOOO  PrograBiniirig  F;egisters  %/ 

/%  t/ 

/tt)ii$.t*it**ttt*tit:*n.*ti(t*t*^***tt**t**t*t**t*t***.***t.**t******t*t**%*ii****t/ 


DCo:7]  :3i;o>, 

AC0:63<3i;0>, 

U67<3i:o:>, 

SA7<3i:0>, 

PC<3i:o>, 

SR<15J0>, 


8  Dutc  Registers 
7  Madress  Registers 
User  Stack  Pointer 
System  Stack  Pointer 
Progrom  Counter 
Status  Register 


/»  */ 

/*  Temporary  Internal  Registers  »/ 

/»  */ 

/it.t*tt%%x%i^%%i^]f*li*yni.*****t**%t*%***%****%**tt**tttt*%t%*Tf*t****t*t*tt**t/ 


PFR<15:0>, 

IR<15;0>, 

FC<2;0>, 

EXDDUF<15;0>, 

EXADUF<23;i>, 

6LUBUFK3i;0>, 

ALUDUF2<31!0>, 

DTEMP<15;0>, 

tiISREG<3i:0>, 

SRTEMP<15;0>, 

IRTEMP<15:0>, 

TEMPftDR<3i:0>, 

MCTYP£<15;0>, 

VECMDR<23:0>, 


Prefetch  Register 

Instruction  Register 

Function  Code  Register 

External  Doto  Bus  Buffer  Register 

Externol  Address  Bus  Buffer  Register (chonged) 

ALU  Buffer  1 

ALU  Buffer  2 

Temporary  Data  Storoge 

lemporory  Bisplocetient  Storage 

Temporory  Status  Register  Storoge 

(Exception  Processing) 

Temporary  Instruction  Register  Storage 
(E>'.ception  Processing) 

Temporary  Cycle  Address  Storage 
(Exception  Processing) 

Temporary  Access  Type  Storage 
(Exception  Processing) 

Temporary  Vector  Address  Storoge 
(Exception  Processing) 


T<7:0>, 

RESET, 

HALT, 

RU, 

AIiENAlti.E, 

DBENABLE, 

ASH, 

LI'SN, 

UHSN, 

I'TACKN, 

COUT, 

EXCEPT, 

fiEAl'Y, 


!  Tetuporory  Address  Storogt  For 
!  Exception  Handier  Routine 
!  Clock  Cycle  Counter 
Reset  Flip-Flop 
Halt  Flip-Flop 
Read/Urite  Flip-Flop 
Address  Bus  Buffer  Enable 
Bava  Bus  Buffer  Enable 
Address  Strobe  Flip-Flop 
Lower  Bota  Strobe  Flip-Flop 
Upper  Bate  Strobe  Flip-Flop 
Bata  Transfer  Acknowledge  Flip-Flop 
Carry  Flip-Flop 

Exception  Processing  Flip-Flop 
Ready  Flip-Flop 


*/ 

/*  hodel  trancforgiction  ihodificotions!  %/ 

/%  »/ 

/♦  1)  CBL  decoder  structure  nonexistent  in  ISP'  and  un-  %/ 
/t  necessary  for  Biodel.  Eliminated.  %/ 
/»  2>  Aulti-pnase  clock  structure  nonexistent  in  ISP'.  %/ 
/%  Operotions  on  registers  will  provide  its  equivalent.  %/ 
/*  3)  Switch  structure  nonexistent  in  ISP',  Operation  on  a  »/ 
/%  register  will  provide  its  equivalent.  »/ 

*i)  The  declared  bus  structures  are  modeled  with  registers  t/ 
/*  .  without  loss  of  Kodei  accurrucy.  This  done  to  f»ointoin  model  »/ 
/»  equivalency  and  simplicity,  %/ 
/»  S)  The  memory  word  length  was  reduced  fro»i  16  to  8  bit  */ 
/*  words  to  coincide  with  the  ECB's  32-Kbyte  memory,  to  ogree  with*/ 
/*  their  PC  incrementation,  and  to  enable  the  use  of  existing  »/ 
/»  rtCoBOOO  osseobler  and  linker/loader  models.  The  memory  wos  t/ 
/»  also  reduced  from  8  Hwords  to  32  Kbytes.  %/ 
/»  «/ 


IABUS<3i:0>, 

IliBUS<3i:0>, 

twait<4;0>, 

EUITCH, 

PHIl, 

PHI2; 


!  Internal  Address  Bus 
!  Internal  Bata  Bus 
!  Uuit  State  Counter 
Power  Switch 

Phuse  1  Of  Two-Phase  Clock 
Phase  2  Of  Two-Pnase  Clock 


%/ 

/y  External  Address  ond  Bata  bus  %/ 

/»  */ 
/^t1^^***tttVt*****%t*****■*%**t%********%%%*%*if%^***%%%'l^1|i*t1^tt'ti%*'l|i*%*t***t/ 


BBusa5;o>, 


!  External  Bata  Bus 


!  External  Address  BusCchanged) 


AbljS<23:i>; 


fOPBiat 


/»«4;  y;  If:  if.  It;  4v  it:  It: 


/% 

/% 

Register  Subfields 

»/ 

%/ 

/% 

*/ 

:;:y;y.4:Vy:it:it:4:y;i).«i|;it:it;»4;y.<t:4.iiy^*>it:it:it;it:it;it:it:it:it;)nt:it:it;it:it;it;:t:it;)t:it:'l;it:/ 

F'CADDF; 

= 

PC  :23;0.;  , 

!  Prograui  Counter  Address  Field 

SRTRnCE 

= 

SR<1S>, 

!  Tiace  Bit 

SRHODE 

= 

SR<13>, 

!  hode  Selection  Bit 

srcarky 

= 

GRCO;- , 

!  Carry  Bit 

SROVER 

= 

SR<1.- , 

!  Overflow  Bit 

BRZERO 

= 

SR<2>, 

!  Zero  Bit 

SRNEG 

= 

SR<3> , 

1  Negative  Bit 

SREX 

SR\4>  f 

!  Extend  Bit 

SRMASK 

= 

SR<io:8>, 

!  Interrupt  MasK 

FCSRACE 

= 

FC<i:o: , 

!  Mfciiiory  Access  Aodress  Space 

FCMODE 

= 

FC<2.- , 

!  User/Supervisor  Mode  Bit 

PCLOW 

= 

PC<is:o:; , 

!  PC  Low  Word 

PCHI 

= 

PC<31 ;I6: , 

!  PC  High  Word 

ItOLUORD 

iico3<is;o>, 

!  DC03  Low  Word 

DILUORD 

= 

riC13<15:0.: , 

!  DC  13  Low  Word 

D2LWORD 

r(C23<i5;o>, 

!  DC23  Low  Word 

[>3LU0R[i 

tiC33<15:0>, 

!  DC33  Low  Word 

Li4LUC»Rli 

= 

liC43:.lS10>, 

!  Bf43  Low  Word 

IitiLUORIi 

- 

iiC53:i5:o>, 

!  DEC 3  Low  Word 

I16LUORI1 

= 

DL63<15:0>, 

!  DL63  Low  Word 

tt7LW0R[i 

riC73<i5:o:i , 

!  DC 7 3  Low  Word 

lUSREGHWORIi 

= 

liISF€6  31 : 16> 

t !  D1SRE6  High  Word 

[iISREGLWORIi 

S 

tUSREGaS’.Oi, 

!  DISREG  Low  Word 

HANAliRLOU 

HANADR<15;0>, 

!  HANADR  Low  Word 

HANADRHI 

= 

HAN6[iR<3i:i6> 

r !  HANADR  High  Word 

TEMF'AliRLOW 

TEMPAiiR<lS*.0> 

,  !  TEMP ADR  Low  Word 

TEMPADRHI 

= 

TEMPAliR<3i:i6 

>;>  TEMPADR  High  Word 

fiiefcory 

/i|;i|:it:it:ifit:yiit:4:]t:»l|cy:i|;y;y'»ir-»;)t:»y;4:y!it:«it:|:v«;«it:«|c«y;lc»;»i|;it:)t;it;it:y;itiii:¥it:it:it:C»Cit:it:*:it:4:it:4:il;yit:¥C»)|:it;it;ii:/ 
/».  %/ 

/%  16K  16-Fit  Word  Interncl  Meoiory  %/ 

/%  %/ 

hC0:32767]<7:0i ; 


mocro 

/y:y.)):it:it.it:]t:it;ii;|;it!it;y;it:y:y:i|;it;»)fcy:i|:it;it:«K4;it;»y;»y;4cit;4:4;f4;ii;it;y;ii;ii;4;ii:i|;it:4:it;it;i|:it:it:it;i|;it;i|;4:C«i|:it:¥«i|;y;it:ii:it:it;/ 

/»  </ 

/*  Logic  Lfevei  hacros  %/ 
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•  A . 


'  '.V 


lo  =  0 

hi  *  1  &  > 

off  =  0  i, 

on  =  1 

clear  =  0  i; 


/%  %/ 

/%  Power  On  and  Initialization •  This  process  was  not  aiodeled  but  is  %/ 
/%  added  to  initialize  signals  and  registers.  t/ 

/%  %/ 


power_ori_initialize  5  = 

( 

OUITCH  =  on; 
next; 

REftDY  =  io; 

RESET  =  lo; 
delayClOO) ; 

RESET  =  hi; 
next; 

ASN  =  hi; 

lusn  =  hi; 

UUSH  =  hi; 
riThCKN  =  hi; 

RW  =  hi; 

iiBus  =  oxffff; 

hCOxlOOel  =  Oxff; 
Mco>iioofi  =  Oxff; 
HALT  =  hi; 


!  Turn  Power  On 
!  Execute  Assigniaent 
!  Systeai  Not  Ready 

!  Assert  Reset  For 

!  100  Hiliseconds(Active  Low) 

!  Deac ti vote  Reset 
!  Execute  Pending  Assigniients 
!  Initialize  Address  Strobe 
!  Initialize  Lower  liata  Strobe 

!  Initiolize  Upper  Doto  Strobe 

!  Initialize  liata  Transfer  AcKnowledge 
!  Initialize  Read/Urite(Read  On  High) 

!  Place  Liota  E«us  In  High  Inpedance  State 
!  Place  Heoiory  Locations  Following  The 
!  JMP  Instruction  In  A  High  Stote 
!  Initialize  Halt  Flip-Flop (Active 
!  Low) 


T  =  O;  !  Initialize  Clock  Cycle  Counter 

READY  =  hi;  !  Systen  Ready 

/%  »/ 

/%  Routine  Initialization  Per  Hobby  and  Guillory  t/ 

/%  »/ 


UCll  =  0x5555;  •  Place  Hex  5555  Into  ULID 

IIC7D  =  OxOOOOOOOA;  !  Place  6  Into  DC73 


AL03  =  0x1004; 
ACID  =  0x2000 ; 
PC  =  0x1 000 ; 
next 


!  Place  Hex  1004  Into  ACOD 
!  Store  Lota  At  This  Address 

!  Place  Hex  1000  Into  Progratt  Counter 
!  Execute  Assignoients 


) 


/*  »/ 
/%  Initial  Fetch  Cycle.  This  cycle  was  not  modeled  but  is  necessary  %/ 
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/t  to  retrieve  OiOdeled  instructions  for  simulation  and  analysis.  It  %/ 
/t  uas  fashsioneo  from  the  Read  Cycle  described  by  Haoiby  and  Guillory  */ 
/%  on  page  VI-i5  of  tneir  thesis.  */ 
/t  */ 
/$:t-*i^tv^i*i:i*tt*tr********t*ri-**^**r*****t:****^*t**********v-****Ti‘**t***t/ 


fetcn  initial  instruction  5= 
'( 


PHIl  =  hi; 

PH12  =  lo; 

RW  =  hi; 
ADtrfAb’LE  =  lo; 
HFENAHLE  =  lo,* 
lABUS  =  PC; 

next; 


!  Phase  1  Of 
!  ClocK  Cycle  0 
!  ttemory  Read 

!  liisable  Address  Bus  Buffer 
Bi sable  Bata  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ABENABLE  =  hi; 
EXABUF  =  lABUS; 

FCMOBE  =  SRMOBE; 
FC5PACE  =  2; 
next; 

ABUS  =  EXABUF ; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  0 

<  Enable  Address  Bus  Buffer 

<  Cote  liiternul  Address  Bus 

!  Into  External  Address  Buffer 
!  User  Hode 
!  Accessing  Program 
!  Execute  Impending  Assignments 
!  Address  Placed  On  Bus(Added) 

!  Execute  Pending  Assignments 


T  =  i;  !  Clock  Cycle  1 

next;  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASM  =  lo; 

LBSN  =  lo; 

UBSN  =  lo; 

bbenable  =  hi; 

next; 

PHIl  =  lo; 

PHI2  =  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  1 
!  Assert  Address  Strobe 
■  Assert  Lower  Data  Strobe 
!  Assert  Upper  Dato  Strobe 
!  Enable  Bato  Bus 
!  Execute  Pending  Assignments 

!  Phose  2 

!  Of  Clock  Cycle  1 
!  Execute  Pending  Assignments 


/$r4ifct*$$-4:i!$xti*i:**4i$$t^t:*r-1i*t:***i:$***$**t^$********t***$$t$$t$***iHt/ 
1=2;  !  Clock  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 


!  Phase  1 

!  Of  Clock  Cycle  2 
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,  •V-*V 


while  liTrtCKN  eql  hi 
( 

next} 

PHIl  =  10} 
PH12  =  hi} 
next} 


!  Wait  For  Meaiory  To  Place 
!  Data  On  The  Bus 
!  Execute  luipending  Assignoients 

!  Phase  2 

!  Of  ClocK  Cycle  2 
!  Execute  Assignments 


T  =  3}  !  Clock  Cycle  3 

next}  !  Execute  Assignment 


PHIl  =  hi} 

PHI2  =  10} 

IiBUS<15:8>  =  HCABUSl} 
IiliUS<7:0>.  =  HCABU5  +  13} 
DTACKN  =  lo} 
next} 


!  Phose  1 

!  Of  ClocK  Cycle  3 
!  Memory  Places  Instruction 
!  On  Bata  Bus  And 
!  Asserts  DTACKH(Added ) 

!  Execute  Pending  Assignments 


/t:1(*i:*ili.%U**'t^1l^tt***t***tt*tttt%*****i**tt**1iit**%ttt%t**%tt*t/ 
T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 


next} 


*  Execute  Impending  Assignments 


T  =  3}  !  ClocK  Cycle  3 

next}  !  Execute  Assignment 


PHIl  *  lo} 

PHI2  =  hi} 
EXDBUF  =  BBUS} 


next} 


!  Phose  2 

»  Of  ClocK  Cycle  3 
!  Instruction  On  Bate  Bus 
!  Is  Placed  In  External  Boto 
f  Bus  Buffer 

!  Execute  Pending  Assignments 


/t**.t*t%****t%*V‘%*tt%**T^***%%*t.*%**%*t*%*t%t*%**t%%*t*%*%1^**%t***%/ 
7=4}  !  Clock  Cycle  A 

next}  *  Execute  Assignment 


PHIl  =  hi} 
FHI2  =  lo} 

PFR  =  EXBBUF} 


next} 

PHIl  =  lo} 
PHI2  =  hi} 
ASH  s  hi} 
LBSN  =  hi} 
UDSN  ::  hi} 
IR  =  PFR} 


f  Phose  1 

!  Of  ClocK  Cycle  4 
?  The  Contents  Of  The-  Externol 
!  Bata  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  ClocK  Cycle  A 
>  Beoctivote  Address  Strobe 
!  Beactivate  Lower  Bato  Strobe 
!  Beoctivote  Upper  Boto  Strobe 
!  Contents  Of  Prefetch  Register 


c-e4 


UTACKN  =  hi; 

PC  =  PC  +  4; 
riex.t; 

T  =  0 
) 


!  Are  Placed  Into  Instruction 
!  Register 

!  Deactivate  Data  Transfer( Added ) 
!  Acknowledge 

!  Increeent  Prog  roe  Counter 
!  Execute  Pending  Assigntkents 
•  Reset  Clock  Cycle  Counter 


( 

SRMODE  =  10,* 
lft<15*.8>  =  MCPCi; 
iR<7;c>  =  MCPC  +11; 

next; 

PC  =  PC  +  2; 

1  =  5} 
next; 

T  =  0 
) 


!  AUD.U  *tDFFF,SR 

!  Effect  Of  Instruction 
!  Prefetch  Next  Instruction 

!  Is  To  Set  Status  Register 
!  Increment  Program  Counter 
!  Supervisor  Bit  To  User 
!  Node 

!  Requires  6  Clock  Cycles 


=  !  NO(.'E.U  D1,4<A1,D7)  [B(A1,D7)T 

( 


PHIl  =  hi; 

PH12  =  10} 

DBUS  =  Oxffff; 

RU  =  hi; 

ADENABLE  =  lo} 

ABUS  =  Oxffffff; 
DBENABLE  =10} 
lABUS<3i;i>  =  PC<3l5i;j} 


next; 


!  Phase  1  Of 
!  Clock  Cycle  0 

!  Place  Data  Bus  In  High  laipedance 
!  Heitory  Read 

!  Disable  Address  Bus  Buffer 
!  Address  Bus  High  Istpedanced 
?  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  F'ending  AssigniientB 


PHIl  =  lo; 

PHI2  =  hi; 

ADENABLE  =  hi} 

EXABUF  =  IABUS\23:i>; 

FCNODE  =  SRhODE; 
FCSPACE  =  2; 

ABUS  =  iABus:23;i>; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Node 
!  Accessing  Program 
!  Address  Placed  On  Bus 
!  Execute  Impending  Assignments 


/r**t******$*t‘*$$**$*********$Tf*********************$t***t***$*1i*t/ 
T  =  1;  !  Clock  Cycle  I 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 


!  Phase  1  Of 
!  Clock  Cycle  1 


ftSN  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
UBENABLE  =  hi; 
next; 


!  Assert  Address  Strobe 
!  Assert  Lower  I'oto  Strobe 
!  Assert  Upper  Dota  Strobe 
!  Enoble  Data  Bus 
!  Execute  Pending  Assignihents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  1 
!  Execute  Pending  Assignoients 


T  =  2; 
next; 


ClocK  Cycle  2 
Execute  Assigniient 


PHIl  =  hi; 

PHI2  =  lo; 
while  BTACKN  eql  hi 
( 

next ; 


!  Phase  1 

!  Of  ClocK  Cycle  2 
!  Wait  For  Henory  To  Ploce 
!  Bata  On  The  Bus 
!  Execute  loipending  Assigniients 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  Assigniients 


/ttt**%*t%*.*%t*%*t*t***ttv-%t*til^t*%ttit**t*t%**%t%*%**1l-*t*t**t/ 


T  =  Zi 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

UBUS<15;8>  =  MCABUS3; 
IIBUS<7;0>  =  MCABUS  +  13; 
BTACKN  =  lo; 
next; 


!  ClocK  Cycle  3 
!  Execute  Assignnent 

!  Phase  1 

!  Of  Clock  Cycle  3 
!  Meiiory  Places  Instruction 
!  On  Bata  Bus  And 
!  Asserts  BTaCKN( Added) 

!  Execute  Pending  Assigniients 


T  =  2  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  2 

) ; 

next;  !  Execute  Inpending  Assignuents 


T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignnent 


PHIl  =  lo; 

PHI2  =  hi; 
EXBBUF  =  BBUS; 


next; 


!  Phase  2 

!  Of  ClocK  Cycle  3 
!  Instruction  On  Date  Bus 
*  Is  Ploced  In  Externol  Bato 
!  Bus  Buffer 

!  Execute  Pending  Assignnents 


/%%t*%***$*%1i‘%%^li*W*t%****■%t*%****1^*%*t%***Wtt1^*%*t'»it********t**tt/ 


T  =  4; 

1 

Clock  Cycle  4 

nextr 

Execute  Assigniient 

PHIl  =  hi; 

j 

Phase  1 

PHI2  =  lo; 

! 

Of  Clock  Cycle  A 

DISREG  =  EXLi£!UF<7:0>  s>:t  32; 

! 

Store  Displacenent 

next; 

( 

Execute  Pending  Assignnents 

PHIl  =  lo; 

1 

Phase  2 

PH12  =  hi; 

j 

Of  Clock  Cycle  A 

ASN  =  hi; 

! 

Deactivote  Address  Strobe 

LDSN  =  hi; 

1 

Deactivate  Lower  Data  Strobe 

UDSH  =  hi; 

f 

Deactivate  Upper  Data  Strobe 

PC  =  PC  +  2; 

1 

j 

! 

Are  Placed  Into  Instruction 
Register 

Increoent  Progravi  Counter 

UTACKN  =  hi; 

! 

Deactivate  Data  Transfer (Added) 

!  Acknowledge 

next; 

T  —  c  • 

T  - 

! 

Clock  Cycle  5 

next; 

! 

Execute  Previous  Assigniient 

PHIl  =  hx; 

1 

Phase  1  Of 

PH12  »  lo; 

j 

Clock  Cycle  5 

ABUS  =  Oxffffff; 

! 

Address  Bus  High  Itipedanced 

DBUS  =  Oxffff; 

! 

Data  Bus  High  Iiipedanced 

lilSREG  =  IiISRCG  +  ACIJ; 

■  Add  Address  Register  To  Iiisplocenent 

next; 

! 

Execute  Pending  Assignments 

PHIl  =  lo; 

! 

Phase  2  Of 

PHI2  =  hi; 

1 

Clock  Cycle  5 

[iISRGG  =  HISFiEG  P  D7LW0RD; 

1 

Add  Date  Register  To  Displacement 

next; 

1 

Into  External  Address  Buffer 

/'$i^tt%*1it*t*%***t%*tt**}(*%%*$***t********t**t**tt1l.*t*tt**t%%*t*tw/ 

T  =  6; 

1 

Clock  Cycle  6 

next; 

! 

Execute  Assignment 

PHIl  =  hi; 

1 

Phase  1  Of 

PH12  =  lo; 

! 

Clock  Cycle  6 

next; 

t 

Execute  Pending  Assignments 

PHIl  =  lo; 

1 

Phase  2 

PH12  =  hi; 

! 

Of  Clock  Cycle  6 

next; 

! 

Execute  Pending  Assignments 

/%%%%*1li%%)lit*1lit.*******%*t>i**%%*1^***1l-9*%**t'$*%%%t%*%%*%l^*tt%**t%*9%*/ 

T  =  7; 

! 

Clock  Cycle  7 

next; 

1 

Execute  Previous  Assignment 

PHIl  =  hi; 

1 

Phase  1  Of 

PHI2  =  lo; 

RU  =  hi; 

ALIENABLE  -  lo; 

DBENABLE  =  lo; 
iABUs<3i;i>  =  pc<3i:i>; 


next; 


!  ClocK  Cycle  7 
!  heiiory  Read 

!  bisoblfe  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  Dn  Internol  Adoress 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 

ALIENABLE  =  hi; 

FCHODE  =  SRMODE; 
FCSPACE  =  2; 

EXABUF  =  IABUS<23;i>; 
ABUS  =  1ABUS<23:1>; 
next; 


f  Phase  2  Of 
!  ClocK  Cycle  7 
!  Enable  Address  Bus  Buffer 
!  User  Mode 
!  Accessing  Data 
!  Gate  Internal  Address  Bus 
!  Place  Address  On  Bus 
!  Into  External  Address  Buffer 


T  =  a; 

next; 


!  ClocK  Cycle  8 
!  Execute  Assignsient 


PHLl  =  hi; 

FH12  =  lo; 

UDSN  =  lo; 

LDSN  =  lo; 

ASH  =  lo; 
DBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  8 
!  Activate  Upper  And 
!  Lower  Dota  Strobes 
!  Assert  Address  Strobe 
!  Enable  Data  Bus 
'  Execute  Pending  Assignments 


PHIl  =  lo; 
PH12  =  hi; 
next; 


!  Phose  2 

!  Of  ClocK  Cycle  8 
!  Execute  Pending  Assignments 


/$1i:fi$t**$*%Tf*******t**ttt***t**1i9.*t**tt****%**'ll.***t**t***$t*%tt1l.*t/ 


T  =  9; 
next; 


ClocK  Cycle  9 
Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

while  DTACKN  eql  hi 

( 

next; 


•  Phose  1  Of 
!  ClocK  Cycle  9 
!  Wait  For  Memory  To  Place 
!  Data  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


Phase  2 

Of  ClocK  Cycle  9 
Execute  Assignments 


/tt$T^t}f$)^1^*t*t***$**U***********%t*'ti*%*ttt***t**t%tt*1lli%*t*t/ 
T  =  10;  !  ClocK  Cycle  10 

next;  \  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 


!  Phase  1 

!  Of  ClocK  Cycle  10 


riBus;i5:8>  =  mcabusd; 
L'HU£;7;o>  =  mcabus  +  i:; 

HTACKN  =  lo; 
riext} 


!  heiuory  Ploces  Instruction 
!  On  Bute  Bus  And 
!  Asserts  DTACKN( Added > 

!  E'/.ecute  Pending  Assignuienls 


T  =  9  !  Return  To  Phase  2 

!  Of  Clock  Cycle  9 

) ; 

next*  !  Execute  Impending  Assignments 

T  =  lo;  !  Clock  Cycle  10 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXIHiiJF  =  IiBUS; 


next; 


!  Phose  2 

!  Of  Clock  Cycle  10 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Doto 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  li;  !  Clock  Cycle  11 

next;  !  Execute  Assignment 


PHIl  s  hi; 
PH12  =  lo; 

PFR  =  exdbuf; 


next; 


!  Phase  1 

!  Of  Clock  Cycle  11 
!  The  Contents  Of  The  Externol 
!  Dota  Bus  Buffer  Are  Ploced 
!  In  Prefetch  Register 
!  Execute  Pending  Assigninents 


PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LDSN  =  hi; 
UDSN  =  hi; 
IiTACKN  =  hi; 

next; 


!  Phase  2 

*  Of  Clock  Cycle  11 
!  Deactivote  Address  Strobe 
!  Deoctivate  Lower  Data  Strobe 
!  Deactivote  Upper  Doto  Strobe 
!  Deactivate  Data  Ti'onsferl Added) 
!  Acknowledge 

!  Execute  Pending  Assignments 


/U****t**t$*****t****'li:t.it%%%tf%^t*t****t***%**t*t*t*tli**%tttt**tttt/ 
T  =  12;  !  Clock  Cycle  12 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS  =  Oxffff; 

RW  =  hi; 

ADENABLE  =  lo; 
ABUS  =  Oxffffff; 
DBENABLE  lo; 


!  Phase  1  Of 
!  Clock  Cycle  12 

*  Place  Data  Bus  In  High  Impedance 
!  Aeiiory  Read 

!  Disable  Address  Bus  Buffer 
!  Address  Bus  High  Impedanced 
!  Disable  Data  Bus  Buffer 


I  ABUS  =  DISh-EG; 


r 


is 


next; 


!  Place  BISPEG  On  Internol  Address 
!  Bus 

!  Execute  Pending  Assignoients 


PHIl  =  lo; 

PHI2  =  hi; 

ahenable  =  hi; 

EXABUP  =  IABUS<23;1>; 
IBBUS  =  UlLUORIi; 

FCrtouE  =  srmohe; 
FCSPACE  =  i; 

ABUS  =  IABUS^23:i>; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  12 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  Place  Low  Word  Of  DCl]  On  Bus 
!  User  node 
!  Accessing  Doto 
•  Address  Placed  On  Bus 
!  Execute  Iiupending  Assignments 


T  =  13; 
next ; 


!  Clock  Cycle  13 
Execute  Assignment 


PHll  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

Ru  =  lo; 

EXDBUF  =  IBBUS; 

SRCAfSRY  =  lo; 
SROUER  =  lo; 
SR2ER0  =  lo; 
SRNE6  -  lo; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  13 
!  Assert  Address  Strobe 

!  Place  Contents  Of  Internal 
I  Beta  Bus  Into  External  Bota  Buffer 
!  Reset  Condition  Code  Bits 


!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 

If  EXBBUF  eql  0 
SRZERO  =  hi; 
BBUS  =  EXDBUF; 
DBENABLE  =  hi; 
next; 


}  Phase  2 

!  Of  ClocK  Cycle  13 
!  Set  Zero  Condition  Bit  If  Needed 

!  Place  Bata  On  External  Bata  Bus 
!  Enoble  Boto  Bus 
!  Execute  Pending  Assignments 


T  =  14;  !  Clock  Cycle  14 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
if  EXDBUF<15> 

SRNEG  =  hi; 

UDSN  =  lo; 

LBSN  =  lo; 
twait  =  o; 
next; 

while  BTACKN  eql  hi 

< 


!  Phase  1 

!  Of  ClocK  Cycle  14 

!  Set  Negative  Condition  Bit 

!  If  Needed 

!  Activate  Upper  And 

!  Lower  Bata  Strobes 

!  Wait  Cycle  Counter  Initialized 

!  Wait  For  Hemory  To  Place 
!  Bato  On  The  Bus 
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ilk 


twtilt  =  twait  -f  1} 
next; 


!  Incresjent  Unit  Cycle 
!  Execute  Inpending  Assignments 


PHIl  =  lo; 
F'HI2  =  hi; 
fiext; 


!  Phase  2 

!  Of  Clock  Cycle  14 
{  Ex.ecute  Assignsients 


T  =  15;  !  Clock  Cycle  15 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
if  twait  eql  2 
( 

MCAbUS]  =  DBUSClStEO; 
MCABus  +  n  =  ii£ius<7;o>; 
LiTACKN  =  lo 
); 

next; 


!  Phase  1 

!  Of  Clock  Cycle  15 
!  hemory  F^esponds  After  2  Cycles 

!  Store  Data  From  Dus 
!  In  hemory 

!  Asserts  DTACKN( Added) 

!  Execute  Pending  Assignments 


/f.t*****t**t*i;.**tv-**%*tt*ttttt**t%*%*ti$ttt**tt*tt%t*t***t*tt/ 

T  =  14  !  Return  To  Pnase  2 

!  Of  Clock  Cycle  14 

); 

next;  !  Execute  Impending  Assignments 


T  =  is;  !  Clock  Cycle  15 

next;  !  Execute  Assignment 


pHii  =  lo; 
PHI2  =  hi; 
next; 


!  Phose  2 

!  Of  Clock  Cycle  15 
!  Execute  Pending  Assignments 


T  =  16;  !  Clock  Cycle  16 

next;  !  Execute  Assignment 


PHII  =  hi; 
PHil'  =  lo; 
next; 


!  F’hose  1 

!  Of  Clock  Cycle  16 
!  Execute  Pending  Assignments 


PHII  =  lo; 
PHI2  =  hi; 
ASH  =  hi; 
LDSH  s  hi; 
UDSN  -  hi; 

PC  =  PC  +  2; 
IR  =  pfr; 


DFACKN  =  hi; 


!  Phase  2 

!  Of  Clock  Cycle  16 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Increment  Program  Counter 
!  Place  Contents  Of  Prefetch 
*  Register  Into  Instruction 
!  Register 

!  Deactivate  Doto  Tronsfer 


next; 
1  =  0 
) 


!  6cKnouleclge( Added) 

!  Execute  Pending  Assignsients 


!  JHP  <A0) 

( 

/ti(.$t*>>ii^*)!^***^****^*******'4‘*%*%t*%****ttt%*iti-*m%*****t%****it*t'ft%*/ 


pHii  =  ni; 

phi:*  =  lo; 

imus  =  oxffff; 

RW  =  hi; 
AHENABLE  =  lo; 
UBENAbLE  =  lo; 
lABUS  =  PC; 

next; 


!  Phase  1  Of 
!  ClocK  Cycle  0 

!  Place  [lata  Bus  In  A  High  Impedonc 
!  heiiory  Read 

!  Bisable  Address  Bus  Buffer 
!  Bisable  Bata  Bus  Buffer 
!  Place  PC  On  Internal  Address 
1.  Bus 

!  Execute  Pending  Assignsients 


PHII  =  lo; 

PHI2  =  hi; 
ABENABLE  =  hi; 
EXABUF  =  I ABUS ; 

FCMODE  =  SRMODE; 
FCSPACE  =  2; 
next; 

ABUS  =  EXABUF; 
next; 


!  Phose  2  Of 
!  ClocK  Cycle  0 
>  Enable  Address  Bus  Buffer 
!  Gote  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Program 
*  Execute  Pending  Assignments 
!  Address  Placed  On  Bus (Added) 
!  Execute  Pending  Assigneents 


7  =  i; 
next; 


!  ClocK  Cycle  1 
!  Execute  Assignment 


PHII  =  hi; 

PHI2  =  lo; 

ASH  =  lo; 

LDSN  =  lo; 

UDSN  >  lo; 
lABus  =  acod; 

BBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  I 
!  Assert  Address  Strobe 
!  Assert  Lower  Bota  Strobe 
!  Assert  Upper  Beta  Strobe 
!  Hove  Jump  Address  From  AC03 
!  To  Internal  Address  Buffer 
!  Enoble  Doto  Bus 
!  Execute  Pending  Assignments 


PHII  =  lo; 
PHI2  =  hi; 
PC  =  lABUS; 

next; 


!  Phase  2 

!  Of  ClocK  Cycle  1 
!  Place  Jump  Address  Into  Program 
!  Counter 


T  =  2;  !  Clock  Cycle  2 


next; 


!  Execute  Assignaient 


PHI]  =  hi; 

FHI2  =  lo; 
while  DTACKN  eql  hi 
( 

next ; 


!  Phase  1 

!  Of  ClocK  Cycle  2 
!  Wait  For  Menory  To  Ploce 
!  Data  On  The  Bus 
!  Execute  Impending  Assignments 


PHli  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  2 
!  Execute  Assignments 


T  =  3; 
next; 

PHll  =  hi; 

PHI2  =  lo; 

IiitUS<15;8>  =  HCABUSi; 

r(FUS<7:o>  =  M  CASUS  +  id; 

IITACKW  =  lo; 
next; 


!  ClocK  Cycle  3 
!  Execute  Assignment 

!  Phase  1 

!  Of  ClocK  Cycle  3 
!  Memory  Places  Instruction 
!  On  Sato  Bus  And 
!  Asserts  UTACI<N( Added) 

!  Execute  Pending  Assignments 


T  -  2  !  Return  To  Phose  2 

!  Of  ClocK  Cycle  2 

); 

next;  !  Execute  Impending  Assignments 


T  =  3; 
next; 


!  ClocK  Cycle  3 
!  Execute  Assignitent 


PHll  =  lo; 

PHI2  =  hi; 
EXDSUF  =  DBUS; 


next; 


!  Phose  2 

!  Of  ClocK  Cycle  3 
!  Instruction  On  Sato  Bus 
!  Is  Placed  In  External  Oota 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  4; 
next; 


!  ClocK  Cycle  A 
!  Execute  Assignment 


PHll  =  hi; 
PHI2  =  lo; 
next; 

pFft  =  cxsbuf; 


next; 


!  Phase  1 

!  Of  ClocK  Cycle  A 

!  The  Contents  Of  The  External 
!  Sota  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 


PHll  =  lo; 


Phase  2 
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jO  . 


PHI2  =  hi; 

!  Of  Clock  Cycle  4 

ASN  =  hi; 

!  Deoctivote  Address  Strobe 

LDSN  =  hi; 

!  Deactivote  Lower  Dote  Strobe 

UDSN  =  hi; 

!  Deoctivote  Upper  Dote  Strobe 

DTACKN  =  hi; 

!  Deoctivote  Doto  Transfer 

!  hcKnDuledge(/Sdded ) 

na>:t; 

T  —  c  » 

T  -  Of 

!  Clock  Cycle  5 

next; 

!  Execute  Previous  Assijnjient 

PHI]  =  hi; 

!  Phase  1  Of 

PHI2  =  lo; 

!  Clock  Cycle  5 

Ry  =  hi; 

!  heniory  fteod 

ADENftBLE  =  10*, 

!  Disoble  Address  Bus  buffer 

nUENABLE  =10; 

!  Disable  Doto  Bus  Buffer 

lABUS  =  pc; 

!  Ploce  PC  On  Internol  Address 

next; 

>  Bus 

!  Execute  Pending  Assignments 

PHIl  =  lo; 

!  Phase  2  Of 

PHI2  =  hi; 

!  Clock  Cycle  5 

rtliENnBLE  =  h:] 

!  Enable  Address  Bus  Buffer 

FCMOHE  =  SRrtOHE; 

!  User  Mode 

FCSPACE  =  2; 

!  Accessing  Program 

EXABUF  =  lAbUS; 

!  Sate  Internal  Address  Bus 

next; 

!  Into  External  Address  Buffer 

ABUS  =  EXABUr; 

?  Address  f'iaceii  On  Bus  (Added) 

next; 

!  Execute  Pending  Assignments 

T  =  6; 

!  Clock  Cycle  6 

next ; 

?  Execute  Assignment 

PHIl  =  hi; 

!  Phase  1  Of 

PHI2  =  lo; 

!  Clock  Cycle  6 

ASN  =  io; 

!  Assert  Address  Strobe 

LUSN  =  lo; 

!  Assert  Lower  Data  Strobe 

ui'SN  =  lo; 

!  Assert  Upper  Data  Strobe 

LiBENABLE  =  hi,' 

!  Enable  Data  Bus 

next; 

!  Execute  Pending  Assignments 

PHIl  =  lo; 

!  Phose  2 

PHI2  =  hi; 

!  Of  Clock  Cycle  6 

next; 

!  Execute  Pending  Assignments 

1  =  7; 

!  Clock  Cycle  7 

next; 

!  Execute  Assignment 

PHIl  =  hi; 

!  Phase  1 

PHI2  =  lo; 

»  Of  Clock  Cycle  7 

while  BTACKN  eql  hi 

!  Wait  For  Memory  To  Place 

( 

nextf 


!  Dotci  On  The'  Bus 
!  Eiifecute  Inipending  rtssignoient 


PHii  =  io; 

!  Phase  2 

PHIl'  =  hi; 

!  Of  Clock  Cycle  7 

next; 

!  Execute  Assignnients 

T  =  8; 

!  Clock  Cycle  8 

next; 

!  Execute  Assignaient 

PHIl  =  hi; 

!  Phase  1 

PH12  =  lo; 

!  Of  Clock  Cycle  8 

iiBusa5:8>  = 

MCABU33; 

!  rte/iiory  Ploces  Instruction 

DBUS<7;0>  = 

hCABUS  +  13 ; 

!  On  Bata  Bus  And 

BTACKN  =  lo; 

!  Asserts  DTACKNCAdded ) 

next; 

!  Execute  Pending  Assignnients 

7  =  7 

); 

next; 

!  Return  To  Phase  2 
!  Of  Clock  Cycle  7 

!  Execute  iBipending  Assignnents 

I  =  &; 

!  Clock  Cycle  8 

next; 

!  Execute  Assignnient 

II 

o 

!  Phase  2 

PHI2  =  hi; 

!  Of  Clock  Cycle  8 

LXDBUF  =  BBUS; 

!  Instruction  On  Bata  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

next; 

!  Execute  Pending  Assignments 

T  =  9; 

!  Clock  Cycle  9 

next; 

!  Execute  Assignment 

PHIl  =  hi; 

<  Phase  1 

PH12  =  lo; 

!  Of  Clock  Cycle  9 

PFP  =  exbbuf; 

!  The  Contents  Of  The  External 
!  Boto  Bus  Buffer  Are  Ploced 
!  In  Prefetch  Register 

next; 

!  Execute  Pending  Assignments 

PHIl  =  lo; 

!  Phase  2 

PH12  =  hi; 

!  Of  Clock  Cycle  9 

ASM  =  hi; 

!  Deactivate  Address  Strobe 

LBSH  =  hi; 

!  Deactivate  Lower  Bata  Strobe 

UDSN  =  hi; 

!  Deactivate  Upper  Data  Strobe 

PC  =  PC  i  2; 

!  Incresient  Program  Counter 

IP  =  pfh; 

!  Place  Contents  Of  Prefetch 

DTACKN  =  hi; 

next; 

T  =  0 
) 


!  Register  Into  Instruction 
!  Register 

!  Deactivate  Data  Tronsfer 
!  AcKriouledge(Added) 

!  Execute  Pending  Assignaents 
!  Reset  Clock  Cycle  Counter 


decode_exfccute  prefetch 

< 

case 


esoc 

) 


IR 

0x3381 ;  nove 
0x027c;  andi 
047320  J  ..mip 


!  HOVE.U  D1,4(A1,D7)  C8(Al,D7n 
!  AND^U  ♦iDFFFfSR 
!  JrtP  (AOl  If  IR  =  Octal  Value 


itain  :  = 

< 

power_on_initiali2e; 
fetch_initial_instruction ; 
while  READY  eql  hi 
( 

decode  execute  prefetch 
) 


/%%X%%%%%%%t%%%%%it%%%%X%%%X%%%%%%it%%%%%%%%%%%%%%%%%%%%%t%%%t%%%%%%%%%%%%/ 
/%  %/ 
/%  MOTOROLA  MC68000  MOUEL  OF  THE  MOVE.U  Dl,$2004  INSTRUCTION  »/ 
/%  %/ 


.;j 

'a'm 


/%  %/ 

/%  structure  Oeclarotions  %/ 

/%  %/ 

/xxxxtxxtxxxxtxtxxxtxxxxtwxxxxxxxtxxxxxxxxxtxttxxtxxtttttxxxxxtxxxxxxxx/ 


.  i 


stote 

/XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXfXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX/ 
/X  X/ 

/X  HbOOOO  Progruiioiing  Registers  X/ 

/X  %/ 

/x%xxxxxxxxxxxxxxxxxxxxxx%xxxxxxxxxxxxxx%xxxxxxxxxxxxxxxxxxxxxxxxxxx%xx%/ 


Lico:7i<3i:o>, 

ftCo:63<3i;o>, 

UA7<3i:0>, 

SA7<3i;0>, 

PC<3i:o>, 

SR<15J0>, 


8  Da to  Registers 
7  Address  Registers 
User  StocX  Pointer 
System  Stock  Pointer 
Prog  roil  Counter 
Stotus  Register 


/Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx/ 


'-y 


..-j 


/X 

»/ 

/$ 

Temporary  Internal  Registers 

»/ 

/X 

X/ 

/xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx/ 


A'A 


PFR<15;0>, 

IR<15:0>, 

FC<2;0>, 

EXDPUF<:i5;0>, 

EXADUF<23:i>, 

ALUBUFl<3i;0>, 

ALUIiUF2<3i;0>, 

riTEMP<15!0>, 

tiISREG<3i:0>, 

SRT£MP<15:0>, 

IRTEMPas:0>, 

TEnPhIiR<3i:0>, 

ACTYPEa5:0>, 

V£CADR<23:0>, 


Prefetch  Register 

Instruction  Register 

Function  Code  Register 

E>;ternol  Doto  Bus  Buffer  Register 

Externol  Address  Bus  Buffer  Register(chonged) 

ALU  Buffer  1 

ALU  Buffer  2 

Temporory  Doto  Storage 

Temporary  Displocement  Storage 

Temporary  Status  Register  Storage 

(Exception  Processing) 

Temporary  Instruction  Register  Storage 
(Exception  Processing) 

Temporary  Cycle  Address  Storage 
(Exception  Processing) 

Temporary  Access  Type  Storoge 
(Exception  Processing) 

Temporary  Vector  Address  Storage 
(Exception  Processing) 


V.  A 


t  .V  'V 
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HAKADR<3i:0>, 


T<7;0>, 

RESET, 

HALT, 

RU, 

ADENA6LE, 

UBENABLE, 

ASN, 

LUSN, 

UDSN, 

DTACKN, 

GOUT, 

EXCEPT, 

READY, 


!  Temporary  Address  Storage  For 
!  Exception  Hondler  Routine 
!  ClocK  Cycle  Counter 
Reset  Flip-Flop 
Holt  Flip-Flop 
Read/Urite  Flip-Flop 
Address  Bus  Buffer  Enable 
[lota  Bus  Buffer  Enable 
Address  Strobe  Flip-Flop 
Louer  Bata  Strobe  Flip-Flop 
Upper  Data  Strobe  Flip-Flop 
Data  Transfer  AcKnowledge  Flip-Flop 
Carry  Flip-Flop 

Exception  Processing  Flip-Flop 
Ready  Flip-Flop 


/%  %/ 

/%  hodel  tvansforoiation  oiodif icationst  %/ 

/%  %/ 

/%  1)  CDL  decoder  structure  nonexistent  in  ISP'  and  un-  %/ 

/%  necessary  for  bodel,  Eliihinated,  %/ 

/%  2)  hultirphase  clocK  structure  nonexistent  in  ISP'.  %/ 

/%  Operations  on  registers  will  provide  its  equivolent.  1/ 

/»  3)  Switch  structure  nonexistent  in  ISP'.  Operation  on  a  %/ 

/%  register  will  provide  its  equivolent.  %/ 

/*  A)  The  declared  bus  structures  are  Biodeled  with  registers  */ 

/%  without  loss  of  uodel  cccurracy.  This  done  to  maintain  model  %/ 

/»  equivalency  and  simplicity.  »/ 

/%  Z)  The  memory  word  length  was  reduced  from  16  to  B  bit  t/ 

/t  words  to  coincide  with  the  ECB's  31;-Kbyte  memory,  to  agree  with*/ 

their  PC  incrementation,  and  to  enable  the  use  of  existing  %/ 

/%  HC68000  assembler  and  linKer/loader  models.  The  memory  was  %/ 

/%  also  reduced  from  8  Mwords  to  32  Kbytes.  t/ 

/%  %/ 


lABUS<3i;0>, 

IDBUS<3i:0>, 

twait<4;0>, 

SWITCH, 

PHIl, 

PH12; 


!  Internol  Address  Bus 
!  Internal  Doto  Bus 
!  Wait  State  Counter 
Power  Switch 

Phase  1  Of  Two-Phase  Clock 
Phose  2  Of  Two-Phase  Clock 


port 


/*  »/ 

/%  External  Address  and  Data  Bus  %/ 

/%  %/ 


DBUsasto, 


!  External  Data  Bus 


AE!US<23:i>; 


!  External  Address  bus (changed) 


foraict 


n  %/ 

/%  F(egister  Subfields  %/ 

/%  t/ 


PCAIiDR 

SRTRACE 

SRhODE 

SRCARRY 

SROVER 

SRZERO 

SRNEG 

SREX 

SRrtASK 

FCSPACE 

FCrtOHE 

f  CLOU 

PCHI 

DOLUORD 

blLUORD 

LI2LUORII 

[I3LU0RD 

imUORD 

DSLUORD 

li6LW0R{i 

D7LU0R1I 

KISREGHUORK 

DISREGLUORLi 

HANAIiRLOU 

HANAliRHI 

TErtPALRLOW 

TEMPADRHI 


PC<23;0>, 

SR<15>, 

SR<13>, 

SR<0>, 

SR<1>, 

SR<2> , 

SR<3>, 

SR’''4>  f 

SRao:8>, 

FC<i:o>, 

FC<2>, 

pc<i5:o>, 

pc<3i:u>, 

ItC03<15:0>, 

DC13<15:0>, 

DC2]<15:0>, 

[|C33<15!0>, 

DC43<i5:o;;, 

IiC53<.lt:0>, 

DC63<15:0>, 

iiC73a5:o>, 

DISREG<3i;i6>, 

DISREG<15;0>, 

HAf(AtiR<15:0;>, 

HANADR<3r.l6>, 

TEHPAIiR<15;0>, 

TEhPAIiR<3i:i6> 


Prograni  Counter  Address  Field 
Trace  Bit 

Mode  Selection  Bit 
Carry  Bit 
Overflow  Bit 
Zero  Bit 
Negative  Bit 
Extend  Bit 
Interrupt  HosK 
Neihory  Access  Address  Space 
User/Supervisor  Node  Bit 
F'C  Lou  Word 
PC  High  Uord 
BC03  Low  Word 
DC  13  Low  Uord 
IiC23  Low  Uord 
BE33  Low  Uord 
BC43  Low  Word 
[tCS3  Low  Uord 
IiC63  Low  Uord 
DC73  Low  Uord 
BISREC  High  Uord 
BISREG  Low  Uord 
HANADR  Low  Uord 
HANABR  High  Word 
TEMPADR  Low  Word 
!  TEMPADR  High  Word 


niehory 

/*  »/ 

/%  16K  16-Bit'  Word  Internal  Memory  %/ 

/%  %/ 

MC0;327673<7;0>; 

macro 


/xx%%xxxxxxxxxxxxxx*x%xxxxx%%%x%%xxxxxx%%*%xxx%x%xttx%txt%%x%%%tx%%%%ttx/ 

/X  %/ 

/%  Logic  Level  Macros  %/ 


lo  -  0  X j 
hi  =  1  &> 
off  =  0  4, 
on  —  1  4  y 
cleor  =04; 


/%  %/ 

/%  Power  On  and  Initialization.  This  process  was  not  modeled  but  is  %/ 
/%  added  to  initialise  signals  and  registers.  %/ 

/%  %f 


power_on_initialize  J? 

< 

SWITCH  =  on; 
ne>:t{ 

REAHY  =  lo; 

RESET  =  lo; 
cielay<l00) ; 

RESET  =  hi; 
next; 

ASN  =  hi; 

LllSN  =  hi; 

UI'SN  =  hi; 
liThCKN  =  hi; 

RU  =  hi; 

DBUS  =  Oxffff; 
hC0>:100e3  =  Oxff; 
«CO;:100f]  =  Oxff; 
HALT  =  hi; 


f  Turn  Power  On 
J  Execute  Assignaent 
!  Systeni  Not  Ready 

!  Assert  Reset  For 

!  100  hiliseconds(Active  Low) 

!  Deactivate  Reset 
!  Execute  Pending  Assignuents 
!  Initialize  Address  Strobe 
!  Initialize  Lower  Data  Strobe 

!  Initialize  Upper  Dota  Strobe 

!  Initialize  Data  Transfer  Acknowledge 
!  Initialize  Read/UritetRead  On  High) 

!  Place  Dota  Dus  In  High  liipedance  State 
!  Ploce  Heikory  Locations  Following  The 
!  JMP  Instruction  In  A  High  State 
!  Initiolize  Halt  Flip-Flop (Active 
!  Low) 


T  =  O;  !  Initiolize  Clock  Cycle  Counter 

READY  =  hi;  !  Syste*  Reody. 

/X$X****X*$$******X*U**X*****i*****1li*****$^*****>:******tt$**t***$/ 

/%  »/ 

/%  Routine  Initialization  Per  Haikby  ond  Guillory  */ 

/%  ♦/ 

[icn  =  0x5555;  !  Place  Hex  5555  Into  DC13 

AC03  =  0x1004;  !  Ploce  Hex  1004  Into  ACOD 

PC  =  0x1 000 ;  !  Place  Hex  lOOO  Into  Prog roe  Counter 

next  !  Execute  Assigneents 

) 


/%  »/ 

/%  Initial  Fetch  Cycle.  This  cycle  was  not  modeled  but  is  necessary  %t 

/%  to  retrieve  eodeled  instructions  for  sieulotion  ond  anolysis.  It  %/ 

/%  was  fashsioned  fro*  the  Read  Cycle  described  by  Haeby  and  Guillory  */ 


/»  %/ 


ft;tch_initi<il_insiruction  ?  = 


PHIl  =  hi; 

PHI2  =  lo; 

RW  =  hi; 
MDENftBLE  =  lo; 
UBENABLE  =  lo; 
I ABUS  -  PC; 


next; 


!  Phase  1  Of 
!  ClocK  Cycle  0 
!  Heiiory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PH12  =  hi; 
ADENABLE  =  hi; 
CXABUF  =  I ABUS ; 

FCriODE  =  SRHODE; 
FCSPACE  =  2; 
next; 

ABUS  =  exabuf; 
next ; 


!  Phase  2  Of 
!  ClocK  Cycle  0 
!  Enable  Address  Bus  Buffer 
*  Gate  Internol  Address  Bus 
!  Into  External  Address  Buffer 
!  User  hode 
!  Accessing  Program 
!  Execute  Impending  Assignments 
!  Address  Placed  On  Bus(Added) 

!  Execute  Pending  Assignments 


/¥¥¥¥¥¥-¥¥K¥*«¥¥X¥¥¥¥«yi¥¥¥¥¥¥«¥»¥¥¥¥¥¥¥¥¥»¥¥¥¥¥¥¥¥¥¥«¥¥¥¥¥¥¥¥¥»¥¥¥¥/ 


T  =  1; 
next; 


ClocK  Cycle  1 
Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASH  =  lo; 

LUSN  =  lo; 

UDSN  =  lo; 
D6ENABLE  =  hi; 
next; 


!  Phase  1  Of 
>  ClocK  Cycle  1 
.*  Assert  Address  Strobe 
!  Assert  Lower  Doio  Strobe 
!  Assert  Upper  Bata  Strobe 
!  Enable  Bata  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next ; 


Phase  2 

Of  ClocK  Cycle  1 

Execute  Pending  Assignments 


/¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥«:¥¥¥¥¥¥¥¥y«¥¥¥¥¥¥¥¥!|:¥¥¥¥¥¥lr¥¥¥¥y¥¥»¥¥»iC|:/ 

T  =  2;  !  ClocK  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  BTACKN  eql  hi 
( 


!  Phase  1 

!  Of  ClocK  Cycle  2 
!  Wait  For  Memory  To  Place 
I  Data  On  The  Bus 


next; 


!  Execute  loipending  /tssignoients 


PHIl  =  lo; 
PH12  =  hi; 
next; 


!  Phose  2 

!  Of  ClocK  Cycle  2 
!  Execute  Assignikents 


T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  hssignibent 


PHIl  =  hi; 

PHI2  =  lo; 

IiBUS<15:8>  =  MLABUSl; 
IiiiUS<7:0>  =  MCftBUS  +  13; 
DTHCKN  =  lo; 
next; 


Phase  1 

Of  ClocK  Cycle  3 
heniory  Places  Instruction 
On  Data  Dus  And 
Asserts  DTACKN ( Added ) 
Execute  Pending  Assignikents 


T  =  2  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  2 

); 

next;  !  Execute  Isipending  Assignoients 


/¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥/ 

T  =  3;  !  ClocK  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PH12  =  hi; 
EXDDUF  a  DDUS; 


next; 


!  Phase  2 

!  Of  ClocK  Cycle  3 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥«¥¥*¥¥¥¥¥¥¥¥¥¥¥*¥¥¥/ 


T  =  4; 
next; 

PHIl  =  hi; 
PHI2  =  lo; 

PFH  =  exdbuf; 


next; 

PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LDSN  =  hi; 
UDSN  =  hi; 

IR  =  pfr; 


ClocK  Cycle  4 
!  Execute  Assignment 

!  Phase  1 

!  Of  ClocK  Cycle  4 
!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Ploced 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 

•  Phase  2 

!  Of  ClocK  Cycle  4 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Dato  Strobe 
!  Deoctivote  Upper  Data  Strobe 
!  Contents  Of  Prefetch  Register 
!  Are  Ploced  Into  Instruction 
!  Register 


C-1C2 


IiTftCKN  =  hi; 


PC  =  PC  +  4; 
next; 

T  =  0 
) 


!  Deactivate  Data  Transfer(Added) 
!  ^cKnouledge 

!  Increnient  Prograti  Counter 
!  Execute  Pending  Assignments 
!  Reset  CIocK  Cycle  Counter 


( 

SRHODE  =  lo; 

IR<15;8>  =  mcpcd; 
ift<7;o>  =  hcpc  +  11; 
next; 

PC  =  PC  +  2; 

T  =  5; 

next; 

T  =  0 
) 


!  AND.U  ♦$DFFr,SR 

!  Effect  Of  Instruction 
!  Prefetch  Next  Instruction 

!  Is  To  Set  Status  Register 
!  Increment  Program  Counter 
!  Supervisor  Bit  To  User 
*  Mode 

!  Requires  6  ClocK  Cycles 


!  H0UE»U  Dlri2004  C20083 


( 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS  =  Oxffff; 

RU  =  hi; 

ADEN ABLE  -  lo; 

ABUS  =  Oxffffff; 
DBENABLE  =  lo; 
iABUS<3i:i>  =  pc<3i;i>; 


next; 


!  Phase  1  Of 
!  ClocK  Cycle  0 

!  Piece  Dota  Bus  In  High  Impedance 
!  Hemory  Read 

!  Disob le  Address  Bus  Buffer 
!  Address  Bus  High  Impedonced 
I  Disable  Date  Bus  Buffer 
!  Piece  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 

ADENABLE  =  hi; 

EXABUF  =  IABUS<23;i>; 

FCHODE  =  SRMODE; 
FCSPACE  =  2; 

ABUS  =  IABUS<23:i>; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  0 
!  Enoble  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Program 
!  Address  Placed  On  Bus 
!  Execute  Impending  Assignments 


/ji.%ttt*iii***t**t^**%%%**t****************tt**ttt*%%*%tittt*'$***t%t**/ 
1  s  1;  !  ClocK  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 
ABN  =  lo; 
LDSN  -  lo; 


!  Phose  1  Of 
!  ClocK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 


!  Assert  Upper  Loto  Strobe 
!  Enable  Iiota  £<us 
!  Execute  Pending  Assignaents 


UHSN  =  lo; 
DBENABLE  =  hi? 
next; 


!  Phase  2 

!  Of  Clock  Cycle  1 
!  Execute  Pending  Asslgnihents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


T  =  2; 
next; 


Clock  Cycle  2 
Execute  Assignaent 


PHIl  =  hi; 

PH12  =  lo; 
while  DTACKN  egl  hi 
< 

next; 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  Heaory  To  Ploce 
!  Iiata  On  The  Bus 
f  Execute  lapending  Assignaents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


Phase  2 

Of  Clock  Cycle  2 
Execute  Assignaents 


/$t$$t$$$iiit*****U**ii:$***$***$*$$*$**$**$$**$*ftt*t>lit*iti**$$»./ 


T  =  3; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

DBU9<15;8>  =  rtCABUSl; 
DBUS<7;0>  =  HCABUS  +13; 
DTACKN  =  lo; 
next; 


Clock  Cycle  3 
Execute  Assignaent 

Phase  1 

Of  Clock  Cycle  3 
heaory  Places  Instruction 
On  Dato  Bus  And 
Asserts  BTACKN< Added ) 
Execute  Pending  Assignaents 


/Mt$t*****$*$***$$****t***:****f**$**il!*<f**$$$**t$**$*U******/ 


T  =  2  ! 

I 

); 

next ;  ! 


Return  To  Phose  2 
Of  Clock  Cycle  2 

Execute  lapending  Assignaents 


T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignaent 


PHIl  =  lo; 

PHI2  =  hi; 
EXimUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignaents 


/$$t:t$**$*t*$$$$U****r*$**$$***$$$*$*$9i$$*******i****$*****$r9$ili$$/ 

7=4}  !  Clock  Cycle  4 

next;  !  Execute  Assignaent 


PHIl  =  hi? 

!  Phase  1 

PH12  =  lo; 

!  Of  ClocK  Cycle  A 

DISREG  =  EXlittUr  sxt  32,* 

!  Store  Displacement 

next; 

!  Execute  Pending  Assignments 

PHIl  =  lo; 

!  Phase  2 

PHI2  =  la; 

!  Of  Clock  Cycle  A 

A3N  =  hi; 

!  Deactivate  Address  Strobe 

lusn  =  hi; 

!  Deactivate  Lower  Dato  Strobe 

UDSN  =  hi; 

!  Deactivate  Upper  Dato  Strobe. 

!  Are  Placed  Into  Instruction 
!  Register 

PC  =  PC  +  2; 

!  Increment  Program  Counter 

liTACKN  =  hi; 

next; 

!  Deactivate  Dato  Transfer (Added 
!  Acknowledge 

T  =  5; 

!  Clock  Cycle  5 

next; 

!  Execute  Previous  Assignment 

PHIl  =  hi; 

Phase  1  Of 

PH12  =  lo; 

!  Clock  Cycle  5 

RU  -  hi; 

!  Memory  Read 

ADENABLE  =  lo; 

!  Disable  Address  Bus  Buffer 

ABUS  =  Oxffffff; 

!  Address  Bus  High  Impedonced 

DBUS  =  Oxffff; 

>  Data  Bus  Returned  To  High 
!  Impedonce  Stote 

[iBENABLE  =  lo; 

!  Disable  Dato  Bus  Buffer 

iABUs<3i;i>  =  pc<3i;i>; 

!  Piece  PC  On  Internal  Address 
!  Bus 

next; 

Execute  Pending  Assignments 

PHIl  =  lo; 

!  Phase  2  Of 

PH12  =  hi; 

!  Clock  Cycle  5 

ABEHABLE  =  hi; 

!  Enable  Address  Bus  Buffer 

FCMODE  *  SRHOBE; 

!  User  Mode 

FCSPACE  =  2; 

!  Accessing  Doto 

EXABUF  =  IABUS<23:i>; 

!  Gate  Internal  Address  Bus 

ABUS  =  IABUS<23:1>; 

!  Place  Address  On  Bus 

next; 

!  Into  External  Address  Buffer 

T  =  6; 

!  ClocK  Cycle  6 

next; 

!  Execute  Assignment 

PHIl  =  hi; 

!  Phose  1  Of 

PHI2  =  lo; 

!  Clock  Cycle  6 

UDSN  -  lo; 

!  Activote  Upper  And 

LDSN  =  lo; 

!  Lower  Dato  Strobes 

ASN  =  lo; 

!  Assert  Address  Strobe 

DBENABLE  =  hi,* 

*  Enable  Date  Bus 

next  J 


*  lixeciite  Ptriiling  ftsaignuients 


PHIl  =  lo; 
PHI  2  =  liil 


!  Pl-.u3fe  2 

!  OP  CiocK  Cycle  6 
!  Execute  Pending  nssigrinenia 


T  =  ?; 

fiext/ } 

PJili  -  t-i; 

PH12  =  lo; 
while  OThoKN  ogl  hi 
( 

next; 

PKIl  =  Id; 
PH12  =  r.i; 
next; 


!  Clock  Cycle  7 
!  Execute  P.etigncicnt 

!  Phase  1  Of 
!  Clod;  Cycle  7 
!  Wait  For  heinory  To  Place 
!  Lato  On  Tr.e  Bus 
!  Execute  liiipendinQ  i^ssignihents 

!  Phose  2 

!  Of  Clock  Cycle  7 
!  Execute  fissigniiientr. 


T  =  e; 


PHIl  =  hi; 

PHI2  s  lo; 

Lipusasic'.  -  rtCAiu'.s:i; 
l'i;'j£<7:o>  =  (iLftBCO  P  Ij; 
DTnCi\ri  *  iO> 

(ifcx  t ; 


'.  Clock  Cycle  8 
!  Execute  iSssignaent 

!  Phase  1 

!  Of  Clock  Cycle  0 
!  Meeiovy  Plucc-s  Instruction 
!  On  Bote  Bus  And 
!  Asserts  UTACUNlAOcied) 

!  Execute  Pending  Assigniuents 


T  =  7  !  Return  To  Phose  2 

!  Of  Clock  Cycle  7 

); 

next;  !  Execute  Impending  Assignments 

T  =  8;  !  Clock  Cycle  8 

next;  !  Execute  Assignment 


PHIl  =  In; 

PHI2  ^  hi; 
tximUF  -  iiii'jc; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Data  Bus 
i  Is  Ploced  In  External  Doto 
!  bus  E»uffer 

*  Execute  Penoing  Assignments 


T  =  9;  !  Clock  Cycle  9 

next;  !  Execute  Assignment 


PHIl  =  hi; 


!  Phose  1 


PHI2  =  lo; 

PFR  =  exdbuf; 


next; 


!  Of  ClocK  Cycle  9 
!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assigniwents 


PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LDSN  =  hi; 
UDSN  =  hi; 
UTACKN  =  hi; 

next; 


'  Phase  2 

!  Of  ClocK  Cycle  9 
!  Deactivote  Address  Strode 
!  Deactivate  Lower  Date  Strobe 
!  Deactivate  Upper  Dota  Strobe 
!  Deactivate  Data  Transfer( Added) 
!  Acknowledge 

!  Execute  Pending  Assigninents 


T  =  lo;  !  ClocK  Cycle  10 

next;  !  Execute  Assignibent 

!  Phase  1  Of 
!  Clock  Cycle  10 

!  Ploce  Data  Bus  In  High  lnipedonce 
!  Meiiory  Read 

!  Disable  Address  Bus  Buffer 
!  Address  Bus  High  Ispedanced 
!  Disable  Data  Bus  Buffer 
!  Ploce  DISREG  On  Internal  Address 
!  Bus 

next;  !  Execute  Pending  Assigntiients 


PHIl  =  hi; 

PHI2  =  lo; 
uBus  =  Oxffff; 

RU  -  hi; 

ADENABLE  =  lo; 
ABUS  =  Oxffffff; 

dbenable  =  lo; 

I ABUS  -  disreg; 


PHIl  =  lo; 

PHI2  =  hi; 

ADENABLE  =  hi; 

EXABUF  =  IABUS<23:i>; 

IDBUS  =  diluord; 
FCMODE  =  SRMODE; 
FCSPACE  =  i; 

ABUS  =  IABUS<23:i>; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  10 
!  Enoble  Address  Bus  Buffer 
!  Cote  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  Place  Low  Uord  Of  DCII  On  Bus 
!  User  Mode 
!  Accessing  Data 
!  Address  Placed  On  Bus 
!  Execute  lapending  Assignaents 


T  =  li;  »  Clock  Cycle  11 

next;  !  Execute  Assignaent 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  s  lo; 

RU  =  lo; 

EXDBUF  =  IDBUS; 


!  Phase  1  Of 
!  Clock  Cycle  11 
!  Assert  Address  Strobe 

!  Place  Contents  Of  Internal 
!  Dota  Bus  Into  External  Data  Buffer 
!  Reset  Condition  Code  Bits 


SRCARRY  =  lo; 
BROVER  =  lo; 


SRZERO  =  lo; 
SRNE6  =  loj 
next; 

PHIl  =  lo; 

PHI2  =  hi; 
if  EXDPUF  eql  0 
SRZERO  =  hi; 
rmus  =  Exppur; 
DBENABLE  =  hi; 
next; 


•  Execute  Pending  Aesignments 
!  Phase  2 

!  Of  Clock  Cycle  11 
!  Set  Zero  Condition  Bit  If  Needed 

>  Place  Data  On  External  Data  Pus 

•  Enable  Do to  Pus 

!  Execute  Pending  rtssignments 


T  =  12; 
next; 

PHll  =  hi; 

PHI2  =  lo; 
if  EXDBUF<15> 

SRNEG  =  hi; 

UDSN  =  lo; 

LPSN  =  lo; 
twait  =  o; 
next; 

while  PTACKN  eql  hi 
< 

twait  =  twait  4  i; 
next; 

PHIl  =  lo; 

PHI2  =  hi; 
next; 


'  Clock  Cycle  12 
!  Execute  Assignment 

•  Phose  1 

!  Of  Clock  Cycle  12 

!  Set  Negative  Condition  Pit 

!  If  Needed 

!  Activate  Upper  And 

!  Lower  Data  Strobes 

!  Uait  Cycle  Counter  Initialised 

!  Woit  For  Memory  To  Place 
!  Data  On  The  Pus 
!  Increment  Wait  Cycle 
1  Execute  Impending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  12 
!  Execute  Assignments 


/1t.tttttttt*txxtttt*tttl:*t***1lit*tt**$**tt*******f1!i*t*tt**t*tt/ 


T  :r  13; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 
if  twait  eql  2 
< 

MCAPUS3  =  Piius:i5;0>; 
MCABUS  +  11  =  PP.US<7;0>; 
PTACKN  =  lo 
>; 

next; 


'  Clock  Cycle  13 
!  Execute  Assignment 

!  Phose  1 

!  Of  Clock  Cycle  13 
'  Memory  Responds  After  2  Cycles 

!  Store  Dato  From  Pus 
!  In  Memory 

!  Asserts  DTACKHt Added) 

!  Execute  Pending  Assignments 


T  =  12  !  Return  To  Phase  2 

!  Of  Clock  Cycle  12 

); 

next;  !  Execute  Impending  Assignments 


0-1  OR 


K’ 

i? 


I 


y. 


(• 


/■lli%tt*%yttttt%t*******tt1^*r^%%tt*t**t*tty.)^**t**t%*t****y^1l.*****^i/^*%tt/ 
1  =  13;  !  ClocK  Cycle  13 

next;  !  Execute  ^ssigniiient 


PHll  =  lo; 
PH12  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  13 
!  Execute  Pending  Assignaents 


T  =  14; 
next; 

PHIl  =  hi; 
PHI2  =  lo; 
next; 

PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LUSH  =  hi; 
UDSN  =  hi; 

PC  =  PC  +  2; 

IR  =  pfr; 


DTACKN  =  hi; 

next; 

T  -  0 
) 


!  Clock  Cycle  14 
!  Execute  Assignaent 

!  f’hQse  1 

!  Of  ClocK  Cycle  14 
!  Execute  Pending  Assignments 


!  Phase  2 

!  Of  Clock  Cycle  9 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Increaient  Program  Counter 
!  Place  Contents  Of  Prefetch 
!  Register  Into  Instruction 
!  Register 

!  Deactivate  Doto  Tronsfer 
!  AcKnowIedqe< Added) 


.jap 


!  Execute  Pending  Assignments 


JHP  (AO) 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS  =  Oxffff; 

RU  =  hi; 

ADENABLE  =  lo; 
DBENABLE  =  lo; 

I ABUS  =  PC; 

next; 

PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  lABUS; 

FCHODE  =  SRrtODE; 
FCSPaCE  =  2; 


!  Phase  1  Of 
!  ClocK  Cycle  0 

!  Place  Doto  Bus  In  A  High  Impedance 
!  heiiory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 

!  Phose  2  Of 
!  ClocK  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Node 

I 


Accessing  Program 


C-10S 


►  -  - 


t:. 


.'.V.V 


'•  »’♦  0 
iJWL 


next; 

hBUS  =  exabuf; 

next; 


!  Execute  Pending  Assignments 
!  Address  Placed  On  BusCAdded) 
!  Execute  Pending  Assignments 


T  =  i; 
next; 


!  ClocK  Cycle  1 
!  Execute  Assignaient 


PHIl  =  hi  I 
PH12  =  lo; 

ASN  =  lo; 

LUSN  =  lo; 

UBSN  =  lo; 
lABUS  =  AEOi; 

DBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Date  Strobe 
!  hove  Jump  Address  Frosi  ACOII 
!  To  Internal  Address  Buffer 
<  Enable  Data  Bus 
!  Execute  Pending  Assignuients 


PHU  =  lo; 
PHI2  =  hi; 
PC  =  lABUS; 

next; 


•  Phose  2 

!  Of  ClocK  Cycle  1 
!  Place  Jump  Address  Into  Progrom 
!  Counter 


T 

next; 


2; 


ClocK  Cycle  2 
Execute  Assignment 


PHIl  =  hi; 

PH12  =  lo; 
while  DTACKN  egl  hi 
< 

next; 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  Hemory  To  Pioce 
!  Data  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  Id; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  2 
!  Execute  Assignments 


T  =  3; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

liBUSa5;8>  =  MCABUSi; 
DBUS<7;0>  =  ME ABUS  +13; 
DTACKN  =  lo; 
next; 


!  ClocK  Cycle  3 
!  Execute  Assignment 

!  Phase  i 

!  Of  ClocK  Cycle  3 
!  hemory  Ploces  Instruction 
!  On  Dato  Bus  And 
!  Asserts  DTACKN (Added) 

!  Execute  Pending  Assignments 


T  =  2  !  Return  To  Phose  2 

!  Of  ClocK  Cycle  2 


); 


next; 


!  Execute  lupendinQ  hs&ignnients 


T  =  3; 
next; 


!  ClocK  Cycle  3 
!  Execute  (Sssignnent 


PHll  =  io; 

PHI2  =  hi; 
EXDBUF  =  UBUS; 


next; 


!  Phase  2 

!  Of  ClocK  Cycle  3 
!  Instruction  On  Bata  Bus 
!  Is  Placed  In  External  Onto 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/!^}^]|it***$*1^^**tti^i‘**^‘*l^i**^r**tt^:tti*^*****4i****$***ttt**t****ti^****t/ 
T  =  4;  !  ClocK  Cycle  4 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 
next; 

PFFi  =  exdbuf; 


next; 


!  Phase  1 

!  Of  ClocK  Cycle  4 

!  The  Contents  Of  The  External 
!  Boto  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
ASH  =  hi; 
LDSH  =  hi; 
UBSN  =  hi; 
BTACKN  =  hi; 


!  Phase  2 

!  Of  ClocK  Cycle  4 
!  Beoctivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Deoctivate  Data  Transfer 
!  AcKnowledge( Added) 


next; 

/7li$t**i*$**t****t*****1^1f%***$**K*t*t*9^****t**%**********t******$***/ 
T  =  5;  !  ClocK  Cycle  5 


next; 


Execute  Previous  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

RKl  =  hi; 
ADENABLE  =  lo; 
BBENABLE  =  lo; 
lABUS  =  pc; 

next; 


!  Phase  1  Of 
>  Clock  Cycle  5 
!  hemory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
FCHODE  =  SRAODE; 
FCSPACE  =  2; 
EXABUF  =  lABUS; 
next; 


!  Phase  2  Of 

!  ClocK  Cycle  S 

!  Enable  Address  Bus  Buffer 

!  User  Mode 

!  Accessing  Program 

!  Cate  Internal  Address  Bus 

!  Into  External  Address  Buffer 


ABUS  =  EXABUF;  !  Address  Ploced  On  Bus (Added) 

next;  !  Execute  Pending  Assignibents 


T  =  6;  !  ClocK  Cycle  6 


next; 


Execute  Assignment 


PHll  =  hi; 

F'HI2  =  lo; 

ASN  =  lo; 

LDSN  =  lo; 

UiiSN  =  lo; 
DBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  CIocK  Cycle  6 
!  Assert  Address  Strobe 
!  Assert  Lower  Bate  Strobe 
!  Assert  Upper  Doto  Strobe 
>  Enable  Doto  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
r'HI2  =  hi; 
next; 


Phase  2 

Of  Clock  Cycle  6 

Execute  Pending  Assignments 


T  =  7; 
next; 


!  Clock  Cycle  7 
!  Execute  Assignotent 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  egl  hi 
< 

next; 


!  Phase  1 

!  Of  Clock  Cycle  7 
!  Wait  For  Memory  To  Place 
!  Bota  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phose  2 
Of  Clock  Cycle  7 
!  Execute  Assignments 


T  =  8; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

DBusas’.B)  =  mcabusd; 

DBUSC7;0>  =  MCABUS  +  ii; 
DTACKN  =  lo; 
next ; 


!  Clock  Cycle  8 
!  Execute  Assignment 

!  Phase  1 
Of  Clock  Cycle  8 
!  Memory  Places  Instruction 
!  On  Dota  Bus  And 
!  Asserts  DTACKNi Added) 

!  Execute  Pending  Assignments 


/t*t%**%%*%.**%%%*%*%t%t*t***t*%%t%***%*%**tt***t*t%*%*li1l.****-/ 

T  =  7  !  Return  To  Phase  2 

!  Of  Clock  Cycle  7 

); 

next;  !  Execute  Impending  Assignments 


/t*il.*U******1l.*i^n****%***********tt%***%***t***%*t**t**t**tt*tttt/ 
T  =  8;  !  Clock  Cycle  8 

next;  !  Execute  Assignment 


PHll  =  10}  !  Phase  2 

PHI2  =  hif  !  Of  Clock  Cycle  8 

EXtiBUF  =  BBUS*  !  Instruction  On  Data  Bus 

!  Is  Placed  In  External  Data 
!  Bus  Buffer 

next;  !  Execute  Pending  Assigncuents 


T  =  9; 
next; 

PHll  =  hi; 
PH12  =  lo; 

PFR  =  exdbuf; 


next; 

PHll  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LDSN  =  hi; 
UDSN  =  hi; 

PC  =  PC  +  2; 
iR  =  pfr; 


DTACKN  =  hi; 

next; 

T  =  0 
) 

decode_execute_p refetch  ;= 

( 

case  IR 

,0x31ci; 
0x027 c ; 
047320; 

esac 

) 

ikoin  ;  = 

( 

power_on_initialize; 
fetch_initial_instructiori ; 
while  READY  egl  hi 
( 

decode  execute  prefetch 


!  Clock  Cycle  9 
>  Execute  Assigniient 

!  Phose  1 

!  Of  Clock  Cycle  9 
!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignihents 

}  Phase  2 

!  Of  Clock  Cycle  9 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Increment  Program  Counter 
!  Place  Contents  Of  Prefetch 
I  Register  Into  Instruction 
!  Register 

!  Deactivote  Data  Transfer 
!  Acknowledge<Added) 

!  Execute  Pending  Assignments 
!  Reset  Clock  Cycle  Counter 


move  !  HOOE.W  D1»S2004  C20083 

andi  !  AND»W  #$DFFF,SR 

jmp  !  JHP  (AO)  If  IR  =  Octal  Value 


/%  %/ 

/%  MOTOROLA  KC6DOOO  MODEL  OF  THE  HOVE.W  M1,D3  INSTRUCTION  %/ 

/*  %/ 

/%  %/ 

/%  Structure  Declarations  %/ 

/%  %/ 

Stotfe 

/t  %/ 

/%  M68000  Programiiiirig  Registers  »/ 

/%  %/ 


DC017]  ;3i:o>, 

A[o;6K3i:o>, 

UA7<3i:0>, 

Srt7<3i:0>, 

PC<3i;o>, 

sr:i5;o>, 


!  8  Data  Registers 
!  7  Address  Registers 
!  User  StacK  Pointer 
!  Systeoi  StacK  Pointer 
!  Progroft  Counter 
!  Status  Fiegister 


/*  %/ 

/»  Tesiporary  Internal  Registers  %/ 

/%  %/ 

/x%xxx%%%xtx%%%xx%%*%x%x%%t%xxxxttx*%%%x%xx%*%tx%xx%%x%xxxt%x%*%xx*tx%tx/ 


PFR<15;0>, 

IR<15:0>, 

FC<2:0>, 

EXDPUF<15;0>, 

EXADUF<23;i>, 

ALUDUFl<3i:0>, 

ALUDUF2<3i:0>f 

DTEMP<15:0>, 

l'ISR£G<3i;0>, 

SRTEMP<15;0>, 

IRTEMP<15;0>, 

TEMPADR<3i:0>, 

ACTYPE<1550>, 

yECADR<23;0>, 


Prefetch  Register 

Instruction  Register 

Function  Code  Register 

External  Date  Bus  Buffer  Register 

External  Address  Bus  Buffer  Register(changed) 

ALU  Buffer  1 

ALU  Buffer  2 

Temporory  Data  Storoge 

Teibporary  Displacement  Storage 

Temporary  Stotus  Register  Storage 

(Exception  Processing) 

Temporary  Instruction  Register  Storoge 
(Exception  Processing) 

Temporary  Cycle  Address  Storage 
(Exception  Processing) 

Temporary  Access  Type  Storage 
(Exception  Processing) 

Temporary  Vector  Address  Storage 
(Exception  Processing) 


HANAIiR<3i:0>, 


T<7:o>, 

RESCT, 

HALT, 

RU, 

ADENAi<LE, 

DUENABLE, 

ASM, 

LLSN, 

UIiSH, 

DTACKN, 

COUT, 

EXCEPT, 

READY, 


!  Tenporopy  Address  Storoge  For 
!  Exception  Handler  Routine 
!  CiocK  Cycle  Counter 
!  Reset  Flip-Flop 
!  Halt  Flip-Flop 
!  Read/Urite  Flip-Flop 
!  Address  Dus  Duffer  Enable 
!  Data  Bus  Buffer  Enable 
!  Address  Strobe  Flip-Flop 
!  Lower  Data  Strobe  Flip-Flop 
!  Upper  Data  Strobe  Flip-Flop 
!  Data  Transfer  Acknowledge  Flip-Flop 
!  Carry  Flip-Flop 
!  Exception  Processing  Flip-Flop 
!  Ready  Flip-Flop 


/%  %/ 

/»  Model  transformation  modif icationst  */ 
/%  %/ 
/%  1)  CDL  decoder  structure  nonexistent  in  ISP'  and  un-  %/ 
/%  necessary  for  Biodel .  Eliibinated,  t/ 
/%  2)  Multi-phase  clock  structure  nonexistent  in  ISP'.  t/ 
/t  Operations  on  registers  will  provide  its  equivolent.  %/ 
/%  3)  Switch  structure  nonexistent  in  ISP'.  Operation  on  a  %/ 
Jt  register  will  provide  its  equivolent.  %/ 
/%  4)  The  declared  bus  structures  ore  Biodeled  with  registers  %/ 
/%  without  loss  of  nodel  occurrocy.  This  done  to  mointoin  »odel  %/ 
/%  equivolency  and  simplicity.  %/ 
/%  S)  The  meciory  word  length  wos  reduced  from  16  to  8  bit  %■/ 
/%  words  to  coincide  with  the  ECD's  32-Kbyte  meiHory,  to  ogree  with*/ 
/*  their  PC  increoientotion,  and  to  enoble  the  use  of  existing  »/ 
/%  MC68000  assembler  and  linKer/loader  models.  The  ftemory  was  %/ 
/%  also  reduced  from  8  Mwoids  to  32  Kbytes.  %/ 
/%  */ 


lADUS<3r.0>, 

IDDUS<3i:0>, 

SWITCH, 

PHIl, 

F-HI2; 


!  Internal  Address  Bus 
!  Internal  Dato  Bus 
!  Power  Switch 

!  Phase  1  Of  Two-Fliose  Clock 
!  Phase  2  Of  Two-Phose  Clock 


port 


/yiiciit»y**iiE**ii;iic*«iicY«***myy***«**»***m*)i:*»**m******m***mmmm/ 

/*  */ 

/%  External  Address  and  Bata  Bus  %/ 

/%  %/ 


DBU3<15{0>, 

ABUS<2351>; 


!  Externol  Doto  Bus 
!  External  Address  Bus^chonged) 


format 


/t  %/ 
/%  fiegiiter  Subfields  */ 
/»  %/ 


PCABBR 

PC<:23:o>, 

SRTfiACE 

SR<15;; , 

SRMOBE 

= 

SR<15>, 

SRCARRY 

= 

SR<0>, 

SROVER 

= 

SR<1>, 

SRZERO 

= 

SR<2>, 

SRNEG 

= 

SR<3>, 

SREX 

SR<4>, 

SRMASK 

= 

SR<10;8>, 

FCSPACE 

= 

Fca:o>, 

FCMODE 

= 

FC<2>, 

PCLOU 

= 

pc:;i5:o>, 

PCHI 

- 

pc<3i:i£>>, 

AILWORB 

= 

ACiJ<i5:o;;, 

DOLUORl! 

s: 

ncoiasto, 

rULWORIi 

s 

iiCi:<i5;o>, 

D2LW0RB 

= 

BC23<15;0>, 

1.I3LU0RB 

tiC33<15tO,>, 

H4LU0RD 

£ 

[IC4J<15:0>, 

LI5LUCRB 

= 

liC5D<i5:0>, 

B6LWCIRD 

s 

BL63<15tO>, 

B7LW0RB 

2: 

DC7]<15:0>, 

BISREGHWORB 

= 

IiISREG<3i:i6> 

BISREGLWORB 

= 

DISREG<15:0>, 

HANADRLOW 

hANAriR<15:0,?, 

HANABRHI 

= 

HANADR3ia6> 

TEMPABRLOU 

= 

TEMPADR<15:0> 

TEHPABRHI 

TEMPAIiR<3i:i6 

Prugrotii  Counter  Address  Field 
Trace  Bit 

Hode  Selection  Bit 
Carry  Bit 
Overflow  Bit 
Zero  Bit 
Negative  Bit 
Extend  Bit 
Interrupt  Mask 
hcbury  Access  Address  Space 
User/Supeivisor  Hode  Bit 
PC  Lou  Word 
PC  High  Word 
AllT  Low  Word 
BCO]  Low  Word 
BUT  Low  Word 
BC2]  Low  Word 
BL'il  Lou  Word 
IiC4j  Low  Word 
[iC53  Low  Word 
DCo]  Low  Word 
bC7II  Low  Word 
BISREG  High  Word 
BISREC  Low  Word 
HANABR  Low  Word 
HANADR  High  Word 
TEHPABft  Low  Word 
!  TEHPABR  High  Word 


heniory 

/%  %/ 

/%  16K  16-Ifit  Word  Internal  Heiiory  */ 

/%  t/ 


HC0:327673<7;0>; 


mac  ro 

/%  %/ 
/%  Logic  Level  Macros  ♦/ 


'•'.V.’-'Jv/- 


■Z.< 


C-116 


lo  =  0  &> 
hi  =  1  &, 
off  =  0  i, 
on  =  1  &i 
clear  =  0  ij 


/%  %/ 

/%  Power  On  and  Initialisation.  Tnis  process  was  not  niodiilefl  but  is  %/ 
/%  added  to  initialise  signals  and  registers.  %/ 

/%  %/ 


powei _on_initiali2e  ;  = 

< 

SWITCH  =  on; 
next; 

flEADY  =  lo; 
RESET  =  lo; 
clelay<  100) ; 


!  Turn  Power  On 
!  Execute  Assignikent 
!  Systeii  Not  Ready 
•  rtssert  Reset  For 
!  100  hiliseconds(iHctive  Low) 


RESET  =  hi; 
next; 

ASN  =  hi; 

LUSN  =  hi; 

UDSN  =  hi; 
DIACKN  =  hi; 

RW  =  hi; 

HBUS  =  oxffff; 


rtCOxlOOal  = 
HC0i;100b3  = 
HALT  =  hi; 


oxff; 

oxff; 


T  =  o; 

READY  =  hi; 


!  Deactivate  Reset 
!  Execute  Pending  Assignments 
!  Initialize  Address  Strobe 
!  Initialize  Lower  Data  Strobe 
!  Initialize  Upper  Data  Strobe 
!  Initialize  Deto  Transfer  AcKnowledge 
!  Initialize  Reod/Write(Reod  On  High) 

!  Place  Data  Dus  In  High  Impedance  State 
!  Place  heikory  Locotions  Following  The 
!  JMP  Instruction  In  A  High  Stole 
Initialize  Holt  Flip-Flop (Active 
Low) 

Initialize  ClocK  Cycle  Counter 
System  Ready 


I 


/x%x%%t%*t%%%%%*%x>xxx%x%%%xx%%x%%%x.t%%xx%x%%xx%xt%%%%%x%x%%%x%%t/ 
/%  */ 
/X  Routine  Initialization  Per  Hamby  and  Guillory  %/ 
/%  %/ 


/XXXXXXXX%XX%%%X%t*%*%X**%X%%X%%X%.*t%%%%%t%*%t%X%%XXXt%%%%X.%%%tt/ 

Ain  =  0x55555555;  !  Place  Hex  55555555  Into  ACl] 

ACOD  =  0x1004;  !  Place  hex  1004  Into  ACO] 


PC  =  0x1000 ; 
next 
) 


!  Place  Hex  1000  Into  Progrom  Counter 
!  Execute  Assignments 


/]|;»yc»)»:**i|:**»**i|:**»*»*)|c»*)K**i|c**)|:****«*¥**y***«*VV**«»*******yiK«***»m»*«/ 
/»  t/ 
/%  Initial  Fetch  Cycle.  This  cycle  was  not  modeled  but  is  necessary  %/ 
/X  to  retrieve  modeled  instructions  for  simulotion  and  analysis.  It  t/ 
/X  was  fashsioned  from  the  Read  Cycle  described  by  Hamby  and  Guillory  */ 


/%  on  page  vl-15  of  their  thesis.  */ 

/%  */ 

fetch_initial_iristriiCtiori  J  = 

'( 


PHIl  =  hi; 

PHI2  =  lo; 
ftW  =  hi; 
nDENABLE  =10} 
IiBE^^ABLE  =  lo; 
lABUS  =  pc; 

next; 

PHIl  =  lo; 

PH12  =  hi; 
ADENABLE  =  hi; 
EXhBUF  =  I ABUS ; 

FCMODE  =  SRHODE; 
FCSPACE  =  2; 
next; 

ABUS  =  exabuf; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  0 
!  Hebory  Read 

'  Disable  Address  Bus  Buffer 
I  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignotents 

!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Sate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  hode 
!  Accessing  Prograoi 
!  Execute  Impending  Assignments 
!  Address  Placed  On  Bus(Added) 

!  Execute  Pending  Assignments 


T  =  1;  !  Clock  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASM  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
UBENABLE  =  hi; 
next; 

PHIl  =  lo; 

PHI2  =  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Louer  Data  Strobe 
!  Assert  Upper  Dota  Strobe 
!  Enable  Data  Bus 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  1 
!  Execute  Pending  Assignments 


T  =  2;  !  Clock  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
( 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  Memory  To  Place 
!  Data  On  The  Bus 


c-iie 


,  •  m  «  •  *  • 

•  ’-b  * 


next  f 

PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Execute  leipending  Assignments 
!  Phase  2 

!  Of  ClocK  Cycle  2 
!  Execute  Assignments 


T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assign«ient 


PHIl  =  hi; 

PHI2  =  lo; 

iibusa5:8>  =  MCABuci; 
Diiusa;0>  =  ALAKOS  +  13; 
orACKN  =  lo; 
next ; 


!  Phase  1 

!  Of  Clock  Cycle  3 
!  Aemory  Places  Instruction 
!  On  Data  Dus  And 
!  Asserts  DVACKN< Added) 

!  Execute  F'ending  Assignments 


T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

); 

next;  !  Execute  Impending  Assignments 

);»«)k)nkky««:i:ik):<:ikV)k!k)^y:  Ik 

T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PH12  =  hi; 
EXDDUF  =  DBUS; 


next; 


?  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Data  Dus 
!  Is  Ploced  in  External  Doto 
!  Dus  Duffer 

!  Execute  Pending  Assign^’ients 


/i:t;^$lf**$fi*$*l^il^*9:$l|l***$JHll$$¥¥■****t$lf$^*$t*ft**J^t*$**Hi*****t$$***t*/ 
T  =  4;  !  Clock  Cycle  4 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 

PER  =  EXDDUF ; 


next; 

PHIl  =  lo; 
PH12  =  hi; 
ASN  =  hi; 
LDSN  =  hi; 
UD3N  =  hi; 
IR  *  pf'r; 


C-1  Ifi 


!  Phase  1 

!  Of  Clock  Cycle  A 
!  The  Contents  Of  The  External 
•  Dcto  Dus  Duffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 

‘  Phase  2 

!  Of  Clock  Cycle  A 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Daio  Strobe 
!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 
!  Kegister 


*  •'‘jt  ' 


DTftCKN  =  hi; 


PC  =  PC  +  4; 
next; 

T  =  0 
) 


!  Peactivote  I*otc  Tr<iii&fer(Addeii) 
!  (ScKnouledge 

!  Increnient  Prograa  Counter 
!  Execute  Pending  hssignnients 
!  Reset  Clock  Cycle  Counter 


ftiove  ;= 
( 


!  rtOtE.U  A1,D3 


PHIl  =  hi; 

PHI 2  =  lo; 

UBUS  =  Oxffif; 

RU  =  hi; 

ADENA&LE  =  lo) 
UBENAbLE  =  lo| 
lAFUS  =  PC; 

Ilf&US  =  ftlLWORIi; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  0 

!  Place  Pata  bus  In  High  Impedance 
!  Meniory  Read 

!  Disable  Address  bus  Buffer 
!  Disable  Data  Dus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Place  Low  Uord  Frooi  AC  11  Onto 
!  Internal  Data  Bus 
!  Execute  Pending  Assignments 


pHii  =  lo; 

PHI2  =  hi; 

ADEN ABLE  =  hi; 
EXABUF  =  lABUS; 

FCMODE  =  SRhODE; 
FCSPACE  =  2; 
SRCARRY  =  lo; 
SRCIVER  =  lo; 
SRZERO  =  lo; 
0RNE6  =  lo; 

ABUS  =  I ABUS ; 
1I3LU0RD  -  IDBUS; 

next; 


!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  6ote  Internal  Address  bus 
!  Into  External  Address  Buffer 
!  User  Node 
!  Accessing  Program 
!  Clear  Status  Register  Carry  Bit 
!  Clear  Status  Register  Overflow  Bit 
!  Clear  Status  Register  Zero  Bit 
!  Cleor  Status  Register  Negative  Bit 
!  Place  PC  On  Address  Bus  (Added) 

!  Place  Data  From  Internal  Data  Bus 
!  Into  Low  Uord  Of  DC31 
!  Execute  Impending  Assignments 


/tJi::*n*$t:**V**.***-**$**ti***U***tiUri*******t*)Hli*>^****i$t**}f-n*tt$$$/ 

T  =  1; 


next; 


!  Clock  Cycle  1 
I  Execute  Assignment 


PHll  =  hi; 

PHI2  =  lo; 

A3N  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
DBENABLE  =  hi; 
if  D3LU0RD  eql  0 


!  Phase  1  Of 
!  Clock  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Dota  Strobe 
!  Enoble  Data  Bus 
!  Set  Status  Register  Zero  Bit 


SRZERO  =  hi} 
nfr/ix* } 


!  If  Moved  Dato  Is  Zero 
!  Execute  Pending  MssignAents 


PHIl  =  10} 

PHI2  =  hi} 

If  Ii!;3]<15> 
SRNE6  =  hi} 
next} 


!  Phcse  2 

!  Of  ClocK  Cycle  1 
!  Set  Sviitus  Register  Negative 
!  Bit  If  Moved  Dote  Is  Negative 
!  Execute  Pending  Mssignkents 


7=2}  !  ClocK  Cycle  2 

rie>;t} 


!  Execute  Mssignnient 


PHIl  =  hi} 

PHI2  =  lo} 
while  BTACKN  eql  hi 
( 

next} 


!  Phase  1 

!  Of  ClocK  Cycle  2 
!  Wait  For  Memory  To  Piece 
!  Bata  On  The  Bus 
!  Execute  Impending  iSssignkents 


PHIl  =  10} 
PHI2  =  hi} 
next} 


!  Phase  2 

!  Of  ClocK  Cycle  2 
!  Execute  Mssignbents 


T  =  3} 
next} 

PHIl  =  hi} 

PHI2  =  lo} 

DBUSa5:8>  =  MCABUS3} 
IiBUS<7;0>  =  MLMBUS  +  13} 
IiTiSCKN  =  lo} 
next} 


!  ClocK  Cycle  3 
!  Execute  Assignment 

!  Phase  1 

!  Of  ClocK  Cycle  3 
!  Meoiory  Places  Instruction 
!  On  Bato  Bus  And 
!  Asserts  IiTACI<N( Added) 

!  Execute  Pending  Assignments 


T  =  2  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  2 

)} 

next}  !  Execute  Impending  Assigntients 


T  =  3}  !  ClocK  Cycle  3 

next}  !  Execute  Assignment 


PHIl  =  lo} 

PHI2  =  hi} 
EXDBUF  =  LiBUD} 


next} 


!  Phase  2 

!  Of  ClocK  Cycle  3 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  bato 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  4}  !  ClocK  Cycle  4 


ne)<t; 


!  E/.ecuie  f^ssignsient 


PHII  =  hi; 

!  Phase  1 

PH12  =  lo; 

!  Of  Clock  Cycle  4 

PFR  =  exubuf; 

!  The  Contents  Of  Tne  External 
!  Bata  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 

next; 

!  Execute  Pending  Assignments 

PHII  =  lo; 

!  Phase  2 

PH12  =  hi; 

!  Of  Clock  Cycle  4 

ASN  =  hi; 

!  Beactivate  Address  Strobe 

LUSN  =  hi; 

!  Beoctivate  Lower  Bata  Strobe 

UDSN  =  hi; 

!  Bcuctivote  Upper  Bata  Strobe 

IR  =  pfr; 

!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 
!  Register 

BTACKN  =  hi; 

!  Beactivate  Beta  Tronsfer(Added ) 
!  Acknowledge 

PC  =  PC  +  2; 

!  Increment  Progrom  Counter 

next; 

>  Execute  Impending  Assignments 

T  =  0 
) 

!  Reset  Clock  Cycle  Counter 

!  JMP  (AO) 

PHii  =  hi; 

PHI2  =  lo; 
liBUS  =  Oyfffft 
KW  =  hi; 
AiOftbLE  =  lo; 
UBENAbLE  =  lo; 
I ABUS  =  PC; 

next; 


!  Phase  1  Of 
!  ClocK  Cycle  0 

!  Place  Doto  Bus  In  A  High  Iibpedonce 
!  heaiory  Read 

!  Bisoble  Address  Bus  Buffer 
!  Bisable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

*  Execute  Pending  Assigniaents 


PHII  =  lo; 

PHI2  =  hi; 
ABENABLE  =  hi; 
EXABUF  =  I ABUS ; 

FCMOUE  =  srmobe; 

FCSPACE  =  2; 
next; 

ABUS  =  EXABUF ; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
User  Mode 

!  Accessing  Prograh 
!  Execute  Pending  Assigneents 
!  Address  Placed  On  Bus( Added) 
!  Execute  Pending  Assigneenls 


/$titi$tr.lL^iii:iiil.ilit***'****$**ii:if:t$*$tt-*ti:*********t***********t**t$$t*mt/ 

T  =  1;  !  ClocK  Cycle  1 

next;  !  Execute  Assigniient 


PHIl  = 

F-H12  =  lo; 

ASN  =  lo; 

LIiSN  =  lo; 
unsN  =  lo; 
lAbUG  =  ALOl; 

DKENnBLE  =  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
!  hove  Jaiiip  Address  Front  AC03 
!  To  Internal  Address  Buffer 
!  Enable  Data  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
PC  =  I ABUS ; 

next; 


!  Phase  2 

!  Of  ClocK  Cycle  1 
!  Place  Jump  Address  Into  Program 
!  Counter 


T  =  2;  !  ClocK  Cycle  2 


riext; 


!  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
< 

nejtt; 


!  Phase  1 

!  Of  ClocK  Cycle  2 
!  Wait  For  Memory  To  Piece 
!  Dato  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  2 
!  Execute  Assignments 


T  =  3; 
next ; 

PHIl  =  hi; 

PH12  =  lo; 

HBusasto:-  =  mcabusd; 

DBUS<7;0>  =  MCABUS  +13; 

DTACKN  =  lo; 

next; 


!  ClocK  Cycle  3 
!  Execute  Assigrinent 

!  Phase  1 

!  Of  ClocK  Cycle  3 
!  Memory  Places  Instruction 
!  On  Dato  Bus  And 
!  Asserts  DTACKN! Added ) 

!  Execute  Pending  Assignments 


T  =  2  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  2 

); 

next;  !  Execute  Impending  Assignments 

/%:t%Wif:**%*riit%A%r^t%U%*%**t%*****t%*t***t*****t**t**t*tt****tt**t/ 

T  =  3;  !  ClocK  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  lo; 


!  Phase  2 


PHI2  =  hx} 
EXDBUF  =  DBUS; 


next? 


Of  Clock  Cycle  3 
Instruction  On  Datu  Dus 
Is  Placed  In  External  Eiato 
Bus  Buffer 

Execute  Pending  fissignoients 


T  =  41  !  Clock  Cycle  4 

itextl  !  Execute  ^ssignuient 


PHIl  =  hi! 
PH12  ^  iG} 
next; 

PFF:  e.xublif; 


next; 


!  Phase  1 

!  Of  Clod;  Cycle  4 

!  The  Contents  Of  The  External 
!  Data  Dus  Duffer  Are  Ploced 
!  In  Prefetch  Register 
!  Execute  Pending  Assignoients 


PHll  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LDSN  =  hi; 
UDSN  =  hi; 
DTACKN  =  hi; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  4 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deoctivate  Upper  Data  Strobe 
!  Deactivate  Doto  Transfer 
!  AcknouledgelAdded) 


/t%t%%**%%**W.*%i/.t*t*%t*t**til^*t**t**t%*-t**t****-**til.tt***t*%**1f**t/ 


T  —  c?  < 
I  -  J I 

next; 


!  Clock  Cycle  5 
!  Ex.ecute  Previous 


Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

RW  =  hi; 

ADEN ABLE  =  lo; 
DDENADLE  =  lo,' 

lADus  =  pc; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  5 
!  Hemory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Date  Bus  Buffer 
!  Ploce  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
FCMODE  =  SRMODE; 

fcspace  =  2; 

EXABUF  =  lABUS; 
next; 

ABUS  =  EXABUF ; 
next; 


!  Phose  2  Of 
!  Clock  Cycle  5 
'  Enable  Address  Bus  Buffer 
!  User  Node 
!  Accessing  Program 
!  Gate  Internal  Address  Bus 
!  Into  Eifternal  Address  Buffer 
!  Address  Placed  On  Bus(Added) 
!  Execute  Pending  Assignments 


/$ttiit$$ii>l.)litlliiti:if^*ilittif***********t*******t*****t*%***t**ttt*1lit%*tt*t*/ 
1  ~  6i  !  Clock  Cycle  6 

next;  !  Execute  Assignment 


PHIl  =  hi} 

PHI2  =  10} 

ASN  =  10} 

LDSN  =10} 

UDSN  =10} 
UBENABLE  =  hi} 
neKt} 


!  Phase  1  Of 
!  ClocK  Cycle  6 
!  Assert  Address  Strobe 
!  Assert  Louer  bota  Strobe 
!  Assert  Upper  Bata  Strobe 
!  Enable  Bata  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo} 
PHI2  =  hi} 
next} 


Phase  2 

Of  ClocK  Cycle  6 

Execute  Pending  Assignments 


T  =  7} 
next} 


!  ClocK  Cycle  7 
!  Execute  Assignment 


PHIl  =  hi} 

PHI2  =  10} 
while  BTACKN  eql  hi 
( 

next} 


!  Phase  1 

!  Of  Clock  Cycle  7 
!  Wait  For  Memory  To  Place 
!  Bata  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo} 
PHI2  =  hi} 
next} 


!  Phase  2 

!  Of  ClocK  Cycle  7 
!  Execute  Assignments 


T  =  8} 
next} 

PHIl  =  hi} 

PHI 2  =10} 

BBUS<1S;8>  =  MCABUSI} 
IiBUS<7:0;>  =  ME  ABUS  +  13} 
BTACKN  =10} 
next} 


!  ClocK  Cycle  8 
!  Execute  Assignment 

!  Phase  1 

!  Of  Clock  Cycle  8 
!  Memory  Places  Instruction 
!  On  Bata  Bus  And 
!  Asserts  BTACKNCAdded ) 

!  Execute  Pending  Assignments 


T  =  7  !  Return  To  Phose  2 

!  Of  Clock  Cycle  7 

)} 

next}  !  Execute  Impending  Assignments 


/]^t***U****$********U***t*VU***i:**ti**$***m$**$*$*******i:*****i$/ 


T  =  8} 

!  ClocK  Cycle  8 

next} 

!  Execute  Assignment 

PHIl  =  lo} 

!  Phase  2 

PHI2  =  hi} 

!  Of  ClocK  Cycle  0 

EXDBUF  =  BBUS} 

!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Data 

t'--: 

!  Bus  Buffer 

next} 

!  Execute  Pending  Assignments 

C-125 


T  =  9; 
next; 

PHIl  =  hi; 
PHI2  =  lo; 

PFR  =  exdbuf; 


next; 

PHIl  =  lo; 
PHI2  =  hi; 
ASH  =  hi; 

lusn  =  hi; 

UDSN  =  hi; 

PC  -  PC  +  2; 
IR  =  PFfi; 


DTACKN  =  hi; 

next ; 

T  =  0 
) 


ondi  ;= 

( 

SRrlOIiE  ^  lo; 

rR<i5;8:;  =  mcpcj; 
ih<7;o>  =  MCPC  +13; 

next; 

PC  =  PC  +  2; 

T  =  5; 

next; 

T  =  0 
) 


decode  execute  prefetch  ;= 

( 

cose  IR 

0x3609: 
0x027c : 
047320; 

esac 

) 

main  := 

< 

pone r_on_ initialize; 
fetch_iriitial_instructiori ; 
while  REALiY  eql  hi 


!  Clock  Cycle  9 
!  Execute  Assignoent 

!  Phase  1 

!  Of  Clock  Cycle  9 
!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  nssignoients 

!  Phase  2 

!  Of  Clock  Cycle  9 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Doto  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Increiiient  Prograni  Counter 
!  Place  Contents  Of  Prefetch 
!  Register  Into  Instruction 
!  Register 

!  Deactivate  Doto  Transfer 
!  Acknouledge( Added) 

!  Execute  Pending  Assignikents 
!  Reset  Clock  Cycle  Counter 


•  AHD»W  *tUFFF,SH 

!  Set  Status  Register  To 
!  User  Mooe  And  Prefetch 
!  Next  Instructioii 

!  Increihent  PC 
!  Requires  6  Clock  Cycles 


aove  !  HD0E>U  A1»D3 

andi  !  AND>U  fDFFFrSR 

jBip  !  JMP  <A0)  If  IR  =  Octal  Value 


/%  %/ 

/%  MClTOHOLA  hCibSOOO  HODEL  OF  THE  rtOVE.U  <hl),l»2  INSTRUCTION  */ 

/%  %/ 

/%  %/ 

/X  structure  Declurotions  %/ 

/%  %/ 

/xxxxxxxxxx%xxx%xxxxxxxxxxx%xxxxxxxx%x%%%%xx%xxxx%xxxxxxxxx%%x%%x%%x%%%%/ 

state 

/xxx%xx%xxx%xxxx%xxxxxxtxxxxxxx%x%xxxx%%x%xxxxxxxx%%xxxx%x%%xxx%x%xx%x%%/ 

/X  %/ 

/%  h6B00Ci  Prograniiiiing  F;egisters  %/ 

n  %/ 

/XxXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXXXtXXtXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX/ 


DC0:7]<31 J0>, 

A[0:63<3i:0>, 

UA7<3i:0>, 

SA7<3i:0>, 

PC<3i:o>, 

SR<15;0>, 


!  8  liotu  Registers 
!  7  Address  Registers 
!  User  Stack  Pointer 
!  Systea  Stack  Pointer 
!  Prograa  Counter 
!  Status  Register 


/xxtxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxtxxxtxtxxxxxxxxxxxxxxxxxxtxtxxxtxttxx/ 
/%  %/ 
/X  Temporary  Internal  Registers  t/ 
/%  %/ 
/xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxtxxxtxtxxxxxtxxtxxxtxttxxtxxxxttxt/ 


pFR<i5:o;>, 

1R<15:0>, 

FC<2:0>, 

EXDBUF<15:0>, 

EXABUF<23;i>, 

ALUEiUFl<3i:0>, 

ALUBUF2<3i;0>, 

DTEHP<15!0>, 

DISREG<3i;0>, 

SRTEMP<15:0>, 

IRTEHP<15;0>, 

TErtPADR<3i:0>, 

ACTYPE<15;0>, 

VECADR<23J0>, 


!  Prefetch  Register 
!  Instruction  Register 
!  Function  Code  Register 
!  External  Date  Bus  Buffer  Register 
!  External  Address  Bus  Buffer  Register(changed) 
!  ALU  Buffer  1 
!  ALU  Buffer  2 
!  Tenporary  Bata  Storage 
!  Temporary  Bisplocement  Storoge 
!  Tenporary  Stotus  Register  Storage 
!  (Exception  Processing) 

!  Tenporary  Instruction  Register  Storoge 
!  (E>:ception  Processing) 

!  Tenporary  Cycle  Address  Storage 
!  (Exception  Processing) 

!  Tenporary  Access  Type  Storoge 
!  (Exception  Processing) 

!  Temporary  Vector  Address  Storoge 
!  (Exception  Processing) 


HANADft<3i:0>, 

T<7{0>, 

RESET, 

HrtuT, 

RU, 

AHENABLE, 

DliENABLE, 

ASN, 

LliSN, 

UBSN, 

DTACKN, 

COUT, 

EXCEPT, 

READY , 


!  Tegiporary  Address  Storoge  For 
!  Exception  Hondler  Routine 
!  Clock  Cycle  Counter 
Reset  Flip-Flop 
Halt  Flip-Flop 
Read/Urite  Flip-Flop 
Address  Bus  Buffer  Enable 
Data  Bus  Duffer  Enable 
Address  Strobe  Flip-Flop 
Lower  Data  Strobe  Flip-Flop 
Upper  Data  Strobe  Flip-Flop 
Dota  Transfer  Acknowledge  Flip-Flop 
Carry  Flip-Flop 

Exception  Processing  Flip-Flop 
Ready  Flip-Flop 


/t*1li%*V.tt%%**%%%'ii%*t4‘***%**it-$i*%4*%t**t%***%***tt**i-***%**t*t%t%'tt*%***%/ 
/%  X/ 

/%  Model  transformation  modif ications!  %/ 

/X  %/ 

/t  1)  CDL  decoder  structure  nonexistent  in  ISP'  and  un-  ♦/ 

/t  necessary  for  model.  Eliminated.  %/ 

/%  1’)  Multi-phase  clock  structure  nonexistent  in  ISP'.  %/ 

/X  Operations  on  registers  will  provide  its  equivalent.  X/ 

/%  3)  Switcti  structure  nonexistent  in  ISP'.  Operation  on  a  %/ 

/X  regiswer  will  provide  its  equivalent.  t/ 

/X  The  dcclored  bui  structures  ore  modeled  with  registers  «/ 

/X  without  loss  of  Model  occurrocy.  This  done  to  maintain  oioael  %/ 

/%  equivalency  and  simplicity.  %/ 

/I  5)  The  Memory  woro  length  was  reduced  fron  16  to  S  bit  t/ 

/%  words  to  coincide  with  the  ECB's  32-t\byte  memory,  to  agree  with*/ 

/X  their  PC  incrementation,  and  to  enoble  the  use  of  existing  */ 

/*  MC68000  assembler  and  linKer/loader  models.  The  memory  was  */ 

/*  olso  reduced  from  8  hwords  to  32  Kbytes.  */ 

/»  */ 

«»y*V!|c»i*«y*»*ijc»««***«*|i**«)if*»*«|[yiy|(»**i:****»:**K:t«*****«***********/ 


iABus<3i;o:i, 
IDDUS<3i:0>, 
twai t'\7 » Ol , 
SWITCH, 

PHIl, 

PHI2; 


!  Internal  Address  Bus 
!  Internal  Doto  Bus 
!  Wait  Cycle  Counter 
!  Power  Switch 

!  Phase  1  Of  Two-Phase  Clock 
!  Phase  2  Of  Two-Phose  Clock 


/%%x%%xx%x%%xx%%t%%%%%%%%%%%x%xx%x%%t%t%%t%%%t%%txt%%ttxt*x%%x%ttt%t%%%x/ 
/%  %/ 
/%  External  Address  and  Data  Bus  */ 
/»  */ 
/iic«)ic*ii^«****)i:*»«*]i;*iiiy.**i»my*«m*******»*m**«**m**«»»********m»*»/ 


DBUS<15;0>, 


!  External  Dota  Bus 


C-129 


ABUS<23:i>; 

! 

E>:ternol  Address  Bus(changed) 

format 

/% 

»/ 

/% 

Register 

Sabfields 

%/ 

/% 

t/ 

fCftliDFi 

S 

Pc:23:o>,  ! 

Program  Counter  Address  Field 

SRTRACE 

= 

SR<15>,  ! 

Trace  tit 

SftMODE 

= 

SR  a  3;-  ,  ! 

Mode  Selection  Pit 

SRCARfcY 

= 

SR-:0>,  ! 

Carry  Pit 

SROVER 

= 

3R<1>,  ! 

Overflow  Bit 

SR2ER0 

= 

SR<2>,  ! 

Zero  Pit 

SRNEG 

= 

SR<3>,  ! 

Negative  Bit 

SREX 

SR<4>,  ! 

Extend  Bit 

SRMASK 

= 

SR<10;8>,  ! 

Interrupt  MasK 

FCSRACE 

S= 

FC<i:0>,  ! 

Memory  Access  Address  Space 

FCMOHE 

sr 

FC<2>,  ! 

User/Supervisor  Mode  Bit 

PCLOW 

= 

PC<15:0>,  ! 

PC  Low  Uord 

PCHI 

= 

PC<3i:i6>,  ! 

PC  High  Word 

DOLUGRIi 

= 

ri[03<15’.0>,  ! 

PC03  Low  Uord 

[flLWORP 

IiC13<15:0>,  ! 

PC  13  Low  Word 

LI2LUORI' 

=: 

IiC23<15;0>,  ! 

DC23  Low  Uord 

D3LU0RD 

s 

riC33a5:o>,  i 

PC33  Lou  Word 

Li'^LUORD 

s 

liC43<15J0>,  ! 

DL43  Low  Uord 

DSLUORP 

= 

riC53<15iO>,  ! 

DCS3  Low  Word 

D6LU0RII 

= 

IiL63<15:0>,  ! 

PC63  Low  Word 

D7LW0RII 

riC73<l5:0>,  ! 

PC73  Low  Word 

niSREGHUORP 

= 

IiISrsEGC3i:U>, ! 

PISREG  High  Uord 

DISREGLUURIi 

- 

tiISREG<15:0>,  ! 

PISREG  Low  Uord 

HANAliRLOU 

= 

HANAIiR<15:0>,  ! 

HANADR  Low  Uord 

HAHADRHI 

HANADR<3i:i6>, ! 

HANAPF;  High  Uord 

TEMPAIiRLOW 

= 

TE«PAIiR  a5;0>, ! 

TEMPABR  Low  Word 

TEMPAIiRHI 

= 

TEMPA[iR<3U16>; 

TEMPADR  High  Word 

niemory 

/t*1t.*%1li$*Ut%U*%%*****%V.******%**%*%*%%**%***t***t%**%%*1l.t*1l‘t%*t**t*t%t/ 

.n  %/ 

/%  16K  Word  Internol  Heitory  %/ 

/%  %/ 

hC0J327673<7;0>; 

macro 


/%%%%%$.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%*%%%%%%%%%%%%%%%%%%%%%%%%%%/ 
/%  %/ 
/%  Logic  Level  Macros  %/ 


/])[  )|i  y;  IK  It:  DC  He  H^ijc  It:  Hilt:  iC 


lo  =  0  i, 

hi  =  1  &» 

off  =01, 
on  =  1  S, 

cleur  =  0  &; 

/¥«¥¥¥¥¥¥¥¥iK:K¥¥¥¥D:¥:t:¥¥¥D:¥¥¥¥)t:¥¥»«¥¥»¥¥««¥D:m¥¥i|:4:¥¥¥D:¥¥¥¥4:¥¥¥Dc¥¥y¥¥¥»¥¥»/ 


/¥  *:/ 

/¥  Power  On  and  Initial izatiorn  This  firocei3&  was  not  modeled  but  is  %/ 
/%  added  to  initialize  signals  and  registers.  %/ 

/%  %/ 


power_on_initiali2e  5= 

( 

SWITCH  =  on} 
next; 

READY  =  io; 

RESET  =  lo; 
delay(lOO) ; 

RESET  =  hi; 
next; 

ASM  =  hi; 

LDSN  =  hi; 

UDSN  =  hi; 

DTACKN  *  hi; 

RU  =  hi; 

DBUS  =  Oxffff; 
MCOxlOOal  =  Oxff; 
MCOxlOObD  =  Oxff; 
HALT  =  hi; 


!  Turn  Power  On 
!  Execute  Assignment 
!  System  Hot  Ready 

!  Assert  Reset  For 

!  100  KilisecondsCActive  Low) 

!  Deactivate  Reset 
!  Execute  Pending  Assignments 
■  Initialize  Address  Strobe 
!  Initialize  Lower  Data  Strobe 

!  Initialize  Upper  Data  Strobe 

!  Initialize  Data  Tronsfer  Acknowledge 
!  Initialize  Reod/Urite(Read  On  High) 

*  Place  Dato  Dus  In  High  Impedonce  Stote 
!  Place  hemory  Locations  Following  The 
!  JMP  Instruction  In  A  High  State 
!  Initialize  Halt  Flip-Flop(Active 
!  Low) 


T  =  O;  !  Initialize  Clock  Cycle  Counter 

READY  =  hi;  !  System  Ready 

/%  %/ 

/%  Routine  Initialization  Per  Hornby  and  Guillory  X/ 

/%  */ 

/!ll,'$%%%$t*t***%***1li*tXXXXt*X*XX*%*tX***t**X%%************%**tX%**/ 
HC0:;20001  =  0x55;  !  Initialize  Memory  Location 

ML 0x200 13  =  0x55;  !  2000  Hex  To  5555  Hex 


AC03  =  0x1004; 
ACID  =  0x2000 ; 
PC  =  Ox I 000 ; 
next 
) 


!  Place  Hex  1004  Into  AC03 
!  Store  Dota  At  Hex  2000 
!  Place  Hex  1000  Into  Program  Counter 
!  Execute  Assignments 


/*  %/ 
/%  Initial  Fetch  Cycle.  This  cycle  was  not  modeled  but  is  necessary  %( 


/*  to  retrieve  niodeled  instructions  for  siBiulotion  and  unolysist  It  t/ 
/%  wus  fushsioned  froiu  ttie  Read  Cycle  described  by  HuBiby  and  Guillory  %/ 
/»>  on  page  VI-15  of  their  thesis.  t/ 

/%  */ 

fetch  initial  instruction  ;= 


PHIl  =  hi; 

FH12  =  lo; 

RU  =  hi; 
AHENftbLE  =  lo; 
URENABLE  =  lo; 
lABUS  =  ft; 

next; 


!  Phase  1  Of 
!  ClocK  Cycle  0 
>  hemory  Read 

!  Bisable  Address  Bus  Buffer 
!  Disable  Dato  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PH12  =  hi; 
ADEHABLE  =  hi; 
EXABUF  =  lABUS; 

FCAQDE  =  SRHODE; 
FCSPACE  =  2; 
next;- 

AEOG  -  EXABUF ; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Progrom 
I  Execute  I«pettding  Assignments 
!  Address  Placed  On  Bus {Added) 

!  Execute  Pending  Assignments 


/$il>)i:$$$]i:)lii^)ft******i>^***^^**V»t*$*t1fii^**»**i:*t$tiil(*tKt*****$K*$****$$t*/ 
T  =  i;  f  ClocK  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASM  =  lo; 

LUSH  =  lo; 
unsN  =  lo; 
LiBENABLE  =  hi; 
next; 

PHIl  =  lo; 

PHI2  =  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Dato  Strobe 
!  Enable  Date  Bus 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  ClocK  Cycle  1 
!  Execute  F'ending  Assignments 


/tt*****if***$ti*****ii$*iim*****$*$r$*$******$$$*****$******$*if****/ 

T  ~  2}  !  ClocK  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 


!  Phase  1 
!  Of  ClocK  Cycle 


while  DTACKN  eql  hi 
( 

riex.t; 


!  Uait  For  Menory  To  Place 
!  Data  On  The  Bus 
>  E;:ecute  iRipending  Assignmerits 


PHIl  =  loj 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  Assignments 


T  =  3; 
next; 

PHIl  =  hi; 

PH12  =  lo; 

DBus<i5;o.'.  =  hcabust; 

IIBUS<7;0>  =  ME  ABUS  +13; 
dtackn  =  lo; 

next; 


!  Clock  Cycle  3 
!  Execute  Assignpient 

!  Phase  1 

!  Of  Clock  Cycle  3 
!  heibory  Ploces  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKN(Added ) 

!  Execute  Pending  Assignments 


/)iiiit%***tyi.v-t*%*%*ii.%*******tti(^**t**tt*t.t%tt**tt**ti^**%t*ttittt/ 

T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2  . 

); 

next;  !  Execute  Impending  Assignments 


1  S  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUS; 


next; 


!  Phase  2 
Of  Clock  Cycle  3 
!  Instruction  On  Data  Bus 
!  Is  Ploced  In  External  Dota 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  4; 
next; 


!  Clock  Cycle  4 
!  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 

PFh  =  EXDBUF ; 


next; 


!  Phase  1 

!  Of  Clock  Cycle  4 
!  The  Contents  Of  The  External 
!  Dota  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
ASH  =  hi; 
LDSN  =  hi; 
UDSN  =  hi; 

iR  =  pfr; 


!  Phase  2 

<  Of  Clock  Cycle  4 
!  Deoctivote  Address  Strobe 
!  Deoctivote  Lower  Dato  Strobe 
!  Deoctivote  Upper  Doto  Strobe 
•  Contents  Of  Prefetch  Register 


DTACKN  =  hi,' 

PC  =  PC  +  <; 
next? 

T  =  0 
) 


!  Are  Placed  Into  Instruction 
!  Register 

!  Deactivate  Data  Trarisfer(Added ) 
!  Acknowledge 

!  Increeent  Prograti  Counter 
!  Execute  Pending  Assignments 
!  Reset  Clock  Cycle  Counter 


andi  :  = 
( 


SRrtODE  =10} 

IR<15:8>  =  MCPCi; 
1R<7:0>  =  MCPC  f  13; 
next; 

PC  =  PC  +  2} 

T  =  5; 
next; 

T  =  0 
) 


!  AND.W  ♦»DFFF,SR 

!  Effect  Of  Instruction 
!  Prefetch  Next  instruction 

!  Is  To  Set  Status  Register 
!  Increment  Program  Counter 
!  Supervisor  Bix,  To  User 
!  hode 

!  Requires  6  Clock  Cycles 


move  ,  = 

< 


!  HOVE.U  (A1),D2 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS  =  Oxffff; 
RU  =  hi; 
ADENABLE  =  lo; 
DBENABLE  =  lo; 
lABUS  =  pc; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  0 

!  Piece  Data  Bus  In  High  Impedonce 
*  Hemory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Doto  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


Prill  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  I ABUS ; 

FCMODE  =  SRMODE; 
FCSPACE  =  2; 

ABUS  ==  lABUS; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Cate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Node 
f  Accessing  Program 
!  Place  PC  On  Address  Bus 
!  Execute  Impending  Assignments 


/$iii$$it,)^ti$4ii:$$n**$*m*if**i!***'t*******f*$******i**$***‘*$t**t**$$*$$/ 

T  =  i;  !  Clock  Cycle  1 

next;  !  Execute  Assignment 


Prill  =  hi; 
PHI2  =  lo; 
ASN  =  lo: 


!  Phase  1  Of 
!  Clock  Cycle  1 
!  Assert  Address  Strobe 


LDSN  =  loi 
UHSN  =  lo; 
DKENftBLE  =  hi? 
nextr 


!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
>  Enable  Data  Bus 
!  E‘.;ecute  Pending  Assignikents 


PHIl  =  lo; 
PHI2  =  Li; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  1 
!  Execute  Pending  Assignments 


T  =  2;  !  Clock  Cycle  2 


next ; 


!  Execute  Assignvient 


PHIl  =  hi; 

PHI2  =  lo; 
while  DlACKN  oql  hi 
< 

next; 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  hemory  To  Place 
!  Data  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


•  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  Assignments 


T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  -  lo; 

DBUS<15;e.>  =  HCABUS3; 
DBUS  ;7;0>  =  ACABUS  i  13; 
DTACKN  =  lo; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  3 
!  Heiiory  Places  Instruction 
!  On  Do  to  Bus  And 
!  Asserts  DTACKN( Added) 

!  Execute  Pending  Assignments 


T  =  2 

>; 

next; 


!  Return  To  F’hose  2 
!  Of  Clock  Cycle  2 

I  Execute  Impending  Assignments 


/tt*:t.*:^$ll■*^|^.$*t*^^*t*t******f*^*******t****1^t*^^t*%**n■ty^>li*%t*%'l^*tt*tt/ 

T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Data  Bus 
J  Is  Ploced  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  4;  !  Clock  Cycle  4 


C-135 


.  •» 


«  "  *•  *  »•  *  •  ■  •  _>  k  ■  . 

\-w  V.v\v^v* 


next  I 


Execute  Assignment 


PHIl  =  hi; 
F‘HI2  =  lo; 

PFR  =  EXIiRUF; 


nexVf 


Phase  1 

Of  ClocK  Cycle  4 
The  Contents  Of  The  External 
Iiuta  Bus  buffer  Are  Placed 
In  Prefetch  Register 
Execute  Pending  Assignments 


PHIi  =  lo; 
PHI2  =  hi; 
ASM  =  hi; 
LDSN  =  hi; 
UDSN  =  hi; 

PC  =  PC  +  2; 


BTACKN  =  hi; 
next; 


Phase  2 

Of  ClocK  Cycle  4 
Deactivate  Address  Strobe 
Deactivate  Lower  Duta  Strobe 
Deactivote  Upper  Doia  Strobe 
Increment  Prograik  Counter 
Are  Placed  Into  instruction 
Register 

Deactivate  Dota  TronsfertAdded ) 
Acknowledge 


T  =  5;  !  ClocK  Cycle  5 

next;  !  Execute  Previous  Assignment 


PHll  =  hi; 

PH12  =  lo; 

DBUS  = 

Rw  =  m; 
ADENABLE  =  lo; 
DBENABLE  =  lo; 

lABus  =  alii; 

next; 


Phase  1  Of 
Clock  Cycle  5 

Ploce  Dato  Bus  In  High  loipedance 
Aemory  Read 

Disable  Address  Bus  Buffer 
Disable  Data  Bus  Buffer 
Ploce  AC13  On  Internol  Address 
Bus 

Execute  Pending  Assignments 


PHll  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  lABUS; 

FCrtODE  =  srmode; 
FC5PACE  =  1; 
SRCARRY  =  lo; 
SROVER  =  lo; 
SRZERO  =  lo; 
SRNE6  =  lo; 

ABUS  =  I ABUS ; 
next; 


Phase  2  Of 

ClocK  Cycle  5 

Enable  Address  Bus  Buffer 

Gate  Internal  Address  Bus 

Into  External  Address  Buffer 

User  Mode 

Accessing  Data 

Clear  Status  Register  Carry  Bit 
Clear  Status  Register  Overflow  Bit 
Cleor  Status  Register  Zero  Bit 
Clear  Stotus  Register  Negative  Bit 
Place  PC  On  Address  Bus  (Added) 
Execute  Impending  Assignments 


/t*$t******t**t*************n*******if***t*t**t*%t******t*tt*ttttt/ 
T  =  6;  !  Clock  Cycle  6 

next;  !  Execute  Assignment 


PHIl  =  hi; 

1 

Phase  1  Of 

PHI2  =  lo; 

! 

ClocK  Cycle  6 

ASN  =  lo; 

1 

Assert  Address  Strobe 

o 

11 

CO 

h>^ 

I 

Assert  Lower  Bata  Strobe 

unsN  =  lo; 

! 

Assert  Upper  Data  Strobe 

DBENABLE  =  hi; 

( 

Enable  Data  Bus 

next; 

1 

Execute  Pending  Assignuients 

PHIl  =  lo; 

! 

Phase  2 

PHI2  =  hi; 

1 

Of  ClocK  Cycle  6 

next; 

1 

Execute  Pending  Assignibents 

T  =  7; 

1 

ClocK  Cycle  7 

next; 

i 

Execute  Assigniiient 

PHIl  =  hi; 

i 

Phase  1 

PH12  =  lo; 

1 

Of  Clock  Cycle  7 

wnile  DTACKN  eql  hi 

j 

Uait  For  henory  To  Place 

( 

1 

Data  On  The  Bus 

next; 

1 

Execute  loipending  Assigniwents 

PHIl  =  lo; 

1 

Phase  2 

PHI2  =  hi; 

1 

Of  ClocK  Cycle  7 

next; 

1 

Execute  Assignotents 

T  =  &; 

! 

Clock  Cycle  8 

next; 

! 

Execute  Assignibent 

PHIl  =  hi; 

1 

Phase  1 

PHI2  =  lo; 

1 

Of  ClocK  Cycle  0 

iiBusa5:8>  =  hcabusd; 

! 

Meniory  Places  Instruction 

DBUS<7:0>  =  HCABUS  +  11 ; 

! 

On  Data  Bus  And 

D7ACKN  =  lo; 

! 

Asserts  DTACKH( Added) 

next; 

) 

Execute  Pending  Assignments 

T  =  7 

! 

Return  To  Phase  2 

); 

next; 

! 

Of  Clock  Cycle  7 

! 

Execute  Impending  Assignments 

T  =  8; 

j 

Clock  Cycle  8 

next; 

! 

Execute  Assignment 

PHIl  =  lo; 

1 

Phase  2 

PHI2  =  hi; 

! 

Of  ClocK  Cycle  8 

EXUBUF  =  DBUS; 

j 

! 

! 

Instruction  On  Data  Bus 

Is  Placed  In  External  Doto 

Bus  Buffer 

next; 

1 

Execute  Pending  Assignments 

T  =  9}  !  ClocK  Cycle  9 

next;  !  Execute  ftssignuient 


PHIl  =  hi; 

PH12  =  Ic; 

IDBUii  =  EXIiBUF; 
if  EXimUF  eql  0 
SR2ER0  =  hi; 
if  EXIiliUF<15>  eql  1 
SftNEG  =  hi; 
next; 

PHIl  =  lo; 

PriI2  =  hi; 

ASN  =  hi; 

lusn  =  hi; 

UDSN  =  hi; 

iR  =  pfr; 


DTACKN  =  hi; 


riC23  =  IDBUS; 


next; 
T  =  0 
) 


!  Phase  1 

!  Of  ClocK  Cycle  9 

!  Set  Status  Register 
!  Bits  As  Apppopriote 


!  Execute  Pending  Afesigriisents 
!  Phase  2 

!  Of  Clock  Cycle  9 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Dato  Strobe 
!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 
!  Register 

!  Deactivate  Dota  Tronsfer (Added) 
!  Acknowledge 

!  Place  Contents  Of  Internal 
!  Data  Bus  Into  DC23 
!  Execute  Iiupending  Assignibents 
!  Reset  Clock  Cycle  Counter 


!  JAP  (AO) 


PHIl  =  hi; 

PH12  =  lo; 

DBUS  =  Oxffff; 
RW  =  hi; 

ADENABLE  lo; 
UBENABLE  =  lo; 

I ABUS  =  PC; 

next; 

PHIl  "■  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  I ABUS ; 

FCMODE  =  SRAODE; 
FCSPACE  =  2; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  0 

!  Place  Data  Bus  In  A  High  Impedance 
!  Aeuiory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 

!  Phase  2  Of 
!  ClocK  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
I  Accessing  Program 
!  Execute  Pending  Assignments 


V  s'  S*  S*V 


ABUS  =  exabuf; 
next; 


!  Address  Placed  On  Bus< Added) 
!  Execute  Pending  Assignnients 


T  =  i;  !  ClocK  Cycle  1 

next;  !  Execute  Assigniiient 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LUSN  =  lo; 
uusN  =  lo; 
lABUS  =  ALOj; 

DBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
!  Move  Junip  Address  Froii  AC03 
!  To  Internal  Address  Buffer 
!  Enable  Data  Bus 
!  Execute  Pending  Assignnients 


PHIl  =  lo; 
PH12  =  hi; 
PC  =  I ABUS ; 

next; 


!  Phase  2 

!  Of  Clock  Cycle  1 
!  Place  JuDip  Address  Into  Progran 
!  Counter 


T  =  2;  !  ClocK  Cycle  2 

next;  !  Execute  Assignnient 


PHIl  =  hi; 

PH12  =  lo; 
while  DTACKN  eql  hi 
( 

next; 


!  Phase  1 

!  Of  ClocK  Cycle  2 
!  Wait  For  hewory  To  Place 
!  Data  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  2 
!  Execute  Assignments 


T  =  3; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

DBUS<15;8>  =  HCABUSi; 
DBUS<7;0>  =  MCABUS  +13; 
DTACKN  =  lo; 
next; 


!  ClocK  Cycle  3 
!  Execute  Assignment 

!  Phase  1 

!  Of  ClocK  Cycle  3 
!  Memory  Places  Instruction 
!  On  Date  Bus  And 
!  Asserts  DTACKN (Added) 

!  Execute  Pending  Assignments 


T  =  2  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  2 

); 

next;  !  Execute  Impending  Assignments 


T  =  3; 

i  Clock  Cycle  3 

next; 

!  Execute  Assignnient 

Phil  =  lo; 

!  Phase  2 

PHI2  =  hi; 

!  Of  Clock  Cycle  3 

EXlii«UF  =  Iitus; 

*  Instruction  On  Bata  Bus 

ft  ext ; 

!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 

T  =  4; 

!  Clock  Cycle  4 

next; 

!  Execute  Assignment 

Prill  =  hi; 

Phase  1 

PHI 2  ^  lo; 

!  Of  Clock  Cycle  4 

next; 

PFR  =  EXimUF; 

!  The  Contents  Of  The  External 

next; 

!  Data  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  .Execute  Pending  Assignments 

PHii  =  lo; 

!  Phase  2 

PHI2  =  hj; 

!  Of  Clock  Cycle  4 

ASN  =  hi; 

!  Beactivote  Address  Strode 

LDSW  =  hi; 

>  Deactivate  Lower  Bata  Strode 

UHSN  --ha; 

!  Deactivate  Upper  Data  Strobe 

tTACKM  =  hi; 

!  Deoctivote  Dote  Transfer 

!  hcKnowledge(A(i(led) 

next ; 

T  =  5; 

!  Clock  Cycle  S 

next; 

!  Execute  Previous  Assignment 

Prill  =  hi; 

!  Phase  1  Of 

PHI2  =  lo; 

!  Clock  Cycle  5 

RU  =  hi; 

!  riemory  Read 

i^DENABLE  =  lo; 

!  Disable  Address  Bus  Buffer 

nUENrtBLC  =  lo; 

!  Disable  Data  Bus  Buffer 

lABUS  =  PC; 

!  Place  PC  On  Internal  Address 

next; 

!  Bus 

!  Execute  Pending  Assignments 

-n 

II 

0 

Phose  2  Of 

PH12  =  hi; 

!  Clock  Cycle  5 

rtDENrtBLE  =  hi; 

!  Enable  Address  Bus  Buffer 

FCMOliE  =  SRrtODE; 

!  User  Hode 

FCSPACE  =  2; 

!  Accessing  Program 

e;xabuf  =  I  ABUS ; 

!  Cate  Internol  Address  Bus 

next; 

!  Into  External  Address  Buffer 

ABUS  =  exabuf; 

!  Address  Placed  On  Bus( Added) 

next; 


!  Exi^cute  Pending  ftsslgriuente 


T  =  6i 
next; 


ClocK  Cycle  6 
Execute  A^signaient 


Prill  =  hi; 

r-Hi2  =  lo; 

ASW  =  lol 
LDSN  =  lo; 
ui'SN  =  lo; 
UBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  6 
!  Assert  Address  Strobe 
!  Assert  Lower  Bota  Strobe 
!  Assert  Upper  Bata  Strobe 
!  Enable  Bata  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  6 
>  Execute  Pending  Assignments 


T  =  7;  !  ClocK  Cycle  7 


next; 


Execute  Assignment 


Prill  =  hi; 

PHI2  =  lo; 
while  BTACKN  eql  hi 
( 

next; 


!  Phase  1 

!  Of  Clock  Cycle  7 
!  Uait  For  Hemory  To  Place 
!  Bata  On  The  Bus 
!  Execute  Impending  Assignments 


Prill  =  lo; 
PH12  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  7 
!  Execute  Assignments 


T  =  S;  !  ClocK  Cycle  8 

next;  !  Execute  Assignment 


Prill  =  hi; 

PHI2  =  lo; 

BBUS<15;8>  =  MCABUSi; 
LiBUS<7;0>  =  MCABUS  +13; 
BTACKN  =  lo; 
next; 


!  Phase  1 

?  Of  ClocK  Cycle  8 
!  Hemory  Ploces  Instruction 
!  On  Bata  Bus  And 
!  Asserts  DTACKN(Added ) 

!  Execute  Pending  Assignments 


/¥¥¥+¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥/ 

T  =  7  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  7 

); 

next;  !  Execute  Impending  Assignments 


/¥«¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥*¥¥/ 
T  =  8;  !  ClocK  Cycle  8 

next;  !  Execute  Assignment 


PHIl  =  lo;  !  Phase  2 

PHI2  =  hi;  *  Of  ClocK  Cycle  8 

EXDBUF  =  IiBUB;  !  Instruction  On  Data  Bus 

!  Is  Placed  In  External  Date 
!  bus  buffer 

next;  !  Execute  Pending  ftssignnients 

T  =  9;  !  ClocK  Cycle  9 

next;  !  Execute  tHssignoient 


PHIl  =  hi; 
PHI2  =  lo; 

PFR  =  exubuf; 


next; 

PHIl  =  lo; 
PHI2'  =  hi; 
ASN  =  hi; 

lusn  =  hi; 

UDSN  =  hi; 

PC  =  PC  +  2; 
IR  =  pfr; 


DTrtCKh  =  hi; 

next; 

T  =  0 
) 

decode  execute  prefetch  ;= 

( 

case  IR 

0x3411 ; 
0x027c ; 
047320; 

esac 

) 

ihuin  ;  = 

< 

power_on_initiali2e; 
fetch  iniiial  instruction; 
while'REAKY  eql  hi 
( 

decode  execute  prefetch 
) 


!  Phase  1 

!  Of  ClocK  Cycle  9 
!  The  Contents  Of  The  External 
!  Data  bus  buffer  ftre  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  /issignoients 

!  Phase  2 

!  Of  ClocK  Cycle  9 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivote  Upper  Data  Strobe 
!  Increiient  Progran  Counter 
!  Place  Contents  Of  Prefetch 
!  Register  Into  Instruction 
!  Register 

!  Deactivate  Dote  Tronsfer 
!  AcKnowledgelAdded) 

!  Execute  Pending  Assignments 
!  Reset  ClocK  Cycle  Counter 


move  !  MOVE.U  (A1),D2 

andi  !  AND.W  ♦»DFFF,SR 

Jmp  !  JMP  (AO)  If  IR  =  Octol  Volue 


/*  %/ 

/%  hOTOROLA  HC68000  rtOIJEL  OF  THE  ilOVE.U  (A1)  +  ,D6  INSTRUCTION  */ 

/%  %/ 

/%  */ 

/%  Structure  Iieclarotions  t/ 

/*  i/ 

stole 

/%  %/ 

/%  M68000  ProgrootDiinq  Registers  %/ 

/%  »/ 


Dto:7TGi:o>, 

a[o:63<3i:o>, 

UA7<3i;0>, 

SA7<3i;0>, 

Pc<3i;o>, 

SRa5;o>, 


8  Iioto  Registers 
7  Address  Registers 
User  StocK  Pointer 
Systeoi  StocK  Pointer 
Prog  rail  Counter 
Status  Register 


/%  */ 

/%  Teiiporory  Internal  Registers  »/ 

/»  »/ 


PFR <15;0>, 

IR<15:0>, 

FC<2;0>, 

EXD8UF<15;0:  , 

EXAHUF<23:i>, 

ALUIiUFl<3r.0:>, 

ALUbUF2<3i:0>, 

nrEfip<i5:o>, 

liISREG<3i:0>, 

SRTEhP<i5:o;5, 

IRTEI1P<15;0>, 

T£MPAliR<3i;0>, 

ACTYPE<1S:0>, 

VECADR<23:0>, 


Prefetch  Register 

Instruction  Register 

Function  Code  Register 

Externol  Doto  Bus  Buffer  Register 

External  Address  Bus  Buffer  Register (chonged) 

ALU  Buffer  1 

ALU  Buffer  2 

Temporary  Beta  Storage 

Temporary  Bisploceoient  Storage 

Temporary  Status  Register  Storage 

(Exception  Processing) 

Temporary  Instruction  Register  Storage 
(Exception  Processing) 

Temporary  Cycle  Address  Storage 
(Exception  Processing) 

Temporary  Access  Type  Storage 
(Exception  Processing) 

Temporary  Vector  Address  Storage 
(Exception  Processing) 


HANADFiQi:0>, 


T<7:0>, 

RESET, 

HALT, 

RU, 

ADENAfiLE, 

DBEHAISLE, 

ASM, 

LDSN, 

UDSN, 

UTACKN, 

COUT, 

EXCEPT, 

READY, 


!  Tesiporory  Address  Storage  For 
!  Exception  Handler  Routine 
!  ClocK  Cycle  Counter 
!  Reset  Flip-Flop 
!  Halt  Flip-Flop 
!  Read/Urite  Flip-Flop 
!  Address  Dus  Duffer  Enable 
!  Data  Dus  Duffer  Enable 
!  Address  Strobe  Flip-Flop 
!  Lower  Data  Strobe  Flip-Flop 
!  Upper  Data  Strobe  Flip-Flop 
!  Date  Transfer  Acknowledge  Flip-Flop 
!  Carry  Flip-Flop 
!  Exception  Processing  Flip-Flop 
!  Ready  Flip-Flop 


/*  %/ 

/%  Model  transforniotion  oodif icationsJ  %/ 

/%  %/ 

/%  1)  CDL  decoder  structure  nonexistent  in  ISP'  and  un-  %/ 

/%  necessary  for  Biodel .  Eliainated.  %/ 

/%  2)  Multi-phase  clock  structure  nonexistent  in  ISP'.  %/ 

/%  Operations  on  registers  will  provide  its  equivalent.  %/ 

/%  3)  Switch  structure  nonexistent  in  ISP',  Operation  on  0  %f 

/%  register  will  provide  its  equivalent.  %/ 

/*  A)  The  declared  bus  structures  are  Biodeled  with  registers  */ 

/*  without  loss  of  Miodel  accurrocy.  This  done  to  maintain  model  t/ 

/%  equivalency  and  siibplicity.  %/ 

/%  S)  The  meniory  word  length  was  reduced  from  16  to  8  bit  t/ 

/%  words  to  coincide  with  the  ECD's  32-KbytB  hemory,  to  agree  with*/ 

/%  their  PC  increuientation,  and  to  enable  the  use  of  e::isting  */ 

/*  MC68000  assembler  and  linker/loader  models.  The  mesiory  was  */ 

/%  also  reduced  from  8  hwords  to  32  Kbytes.  */ 

/»  */ 


/|oKy«:i'y:K«****i(*]|i*J|:**********i:**********»**»*!K****>;******»***y***********/ 


1ADUS<31:0>, 
lDDUS<3i;0>, 
tw4it'7  J0>, 
SWITCH, 

PHIl, 

PHI2; 


!  Internal  Address  Bus 
!  Internal  Data  Bus 
!  Wait  Cycle  Counter 
Power  Switch 

Phase  1  Of  Two-Phase  Clock 
Phase  2  Of  Two-Phase  ClocK 


port 


/%  %/ 

/%  External  Address  and  Dota  Dus  */ 

/»  */ 

/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%/ 


DDUS<15:0>, 


!  External  Data  Bus 


ABUS<23:i>; 


!  External  Address  Bus < changed) 


format 


/% 

t/ 

/* 

Register 

SuDf ields 

%/ 

/% 

%/ 

PCABDfi 

PC<23;0>,  ! 

Program  Counter  Address  Field 

SRTHrtCE 

SR<1S>,  ! 

Trace  Bit 

SRMODE 

SR<13>,  ! 

Mode  Selection  Bit 

SRCMRRY  = 

SR<0> ,  ! 

Carry  Bit 

SROVER  = 

SR<1>,  } 

Overflow  Bit 

SRZERO 

SR<2> ,  ! 

Zero  Bit 

SRNEG 

SR<3>,  ! 

Negative  Bit 

SRCX 

SR<4>,  ! 

E>:terid  Bit 

SRriASK  = 

SR<10:8>,  ! 

Interrupt  Mask 

FCSPACE 

Fca:o>,  ! 

Memory  Access  Address  Space 

FCMODE  = 

FC<2>,  ! 

(Jser/Supervisor  Mode  Bit 

PCLDW 

PC<15:0>,  ! 

PC  Low  Word 

PCHI 

PC<3i:i6>,  ! 

PC  High  Word 

UOLWORB  = 

BC0:<15J0>,  ! 

BCOl  Lou  Word 

DlLUORIi  = 

I1C12<15:0>,  ! 

BC13  Low  Word 

II2LWORI1  = 

IiC2]<15:0>,  ! 

BE 23  Low  Word 

D3LW0RB  = 

BC3]<15!0>,  ! 

DC 33  Low  Word 

mLWORB  = 

BC4Da5J0>,  ! 

B[43  Lou  Word 

D5LU0RB  = 

rtC53<15:0>,  ! 

DC S3  Low  Word 

II6LU0RD  = 

DL6]a5:0>,  ! 

IIC63  Low  Word 

r<7LU0Rti  = 

rii:73<i5;o>,  > 

I!C73  Low  Word 

DISREGHUORB  = 

liISREGQia6>,  ! 

B1SRE6  High  Word 

DISREGLUORIi  = 

DISREGUSJO,  ! 

BISREG  Low  Word 

HANAIiRLOU  = 

HANAIiR<15;0>,  ! 

HANABR  Low  Word 

HANADRHI  = 

HANAIiR<3i:i6>,! 

HANABR  High  Word 

TEnPABRLOU  - 

TEMPhDR <15;0>, ! 

TEMPABR  Low  Word 

TEhPABRHI  = 

TEMPAIiR<31 1 16> ; 

TEMPADR  High  Word 

nriemory 

/% 

%/ 

/% 

16K  16-Bit  Word  Internal  Mesiory 

%/ 

/% 

%/ 

MC0;327673<750y; 


mocro 

/%  t/ 

/%  Logic  Level  Macros  */ 


n  %/ 


lo  =  Q  I, 

hi  —  1  i f 

off  =  0  i, 

on  =  1 

clear  =  0  S} 


/*  %/ 

/%  Power  On  and  Initi':;lization .  This  process  was  not  modeled  but  is  %/ 
/%  added  to  initialize  signals  and  registers.  %/ 

/%  %/ 


power_on_initialize  5= 

'{ 

SWITCH  =  on; 
next; 

READY  =  lo; 

RESET  =  lo; 
clelaydOO) ; 

RESET  =  hi; 
next; 

ASN  =  hi; 

LDSN  =  hi; 
unsN  =  hi; 

DTACKN  =  hi; 

RW  =  hi; 

DKUS  =  Oxffff; 
MCOxlOOc]  =  Oxff; 
MCO'/.lOOdl  =  0>!ff; 
HALT  =  hi; 


!  Turn  Power  On 
!  Execute  Assignment 
!  System  Not  Ready 

!  Assert  Reset  For 

!  100  hiliseconds(Active  Lou) 

!  Deactivate  Reset 
!  Execute  Pending  Assignments 
!  Initialize  Address  Strobe 
!  Initialize  Lower  Date  Strobe 

!  Initialize  Upper  Data  Strobe 

!  Initialize  Data  Transfer  AcKnowledge 
!  Initialize  Read/Urite(Read  On  High) 

!  Place  Data  Dus  In  High  Impedance  State 
!  Place  Hemory  Locations  Following  The 
!  JMP  Instruction  In  A  High  State 
!  Initialize  Halt  Flip-Flop (Active 
!  low) 


T  =  O;  !  Initialize  ClocK  Cycle  Counter 

READY  =  hi;  !  System  Ready 

/*  »/ 

/»  Routine  Initialization  Per  Hamby  and  Guillory  %/ 

/%  */ 


MC0x2000]  =  0x55; 
MC0x20013  =  0x55; 
AC03  =  0x1004; 

AC  11  =  0x2000 ; 
1IC23  =  0x2000 ; 
MC0X20023  =  Oxaa; 
MC0x20033  =  Oxaa; 
PC  =  0x1000 ; 
nex't 
) 


!  Initialize  Memory  Location 
!  2000  Hex  To  5555  Hex 
!  Place  Hex  1004  Into  AC03 
!  Store  Data  At  Hex  2000 
!  DC23  Will  Reset  nCll 
!  Dota  Will  Also  Be  Moved 

!  Place  Hex  1000  Into  Program  Counter 
!  Execute  Assignments 


/%  %/ 

J%  Iniliol  Fetch  Cycle.  This  cycle  was  not  luodeled  but  is  necessary  %/ 

/%  to  retrieve  modeled  instructions  for  simulation  and  onalysis.  It  tf 

/%  was  fashsioned  froHi  the  Read  Cycle  described  by  Hamby  and  Guillory  %/ 
/%  on  page  Vl-15  of  their  thesis.  */ 

/%  %/ 


fetch  initial  instruction  1= 
■< 


PHll  =  hi; 
F-H12  =  lo; 
RW  =  hi; 

ahenable  = 
ubenable  = 

I ABUS  =  pc; 


lo; 

lo; 


next; 


!  Phase  1  Of 
!  ClocK  Cycle  0 
!  hetiory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHii  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  I ABUS ; 


FCMODE  =  SRMODE; 


next; 

ABUS  =  EXABUF ; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Hode 
!  Accessing  Program 
!  Execute  Impending  Assignments 
!  Address  Placed  On  Bus( Added) 


!  Execute  Pending  Assignments 


T  =  i; 
next; 


!  Clock  Cycle  1 
!  Execute  Assignment 


PHII  =  hi; 

PH12  =  lo; 

ASN  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
DBENABLE  =  hi; 
next; 


Phase  1  Of 

Clock  Cycle  1 

Assert  Address  Strobe 

Assert  Lower  Data  Strobe 

Assert  Upper  Data  Strobe 

Enable  Data  Bus 

Execute  Pending  Assignments 


PHII  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  1 
!  Execute  Pending  Assignments 


T  =  2;  !  ClocK  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi} 

PHI2  =  10} 
while  UTACKN  eql  hi 
( 

ne::t} 


•  Phase  1 

!  Of  Clock  Cycle  2 

*  y-iit  For  Meiiory  To  Place 
!  [lata  On  The  Bus 

!  Execute  Impending  Assignaients 


PHIl  =  lo} 
PHI2  =  hi; 
next; 


Phase  2 

Of  Clock  Cycle  2 
Execute  Assignaients 


T  =  3}  !  Clock  Cycle  3 

next;  !  Execute  Assignaient 


PHIl  =  hi; 

PHI2  =  10} 

Dfc‘US<15:8>  =  MCABUSi; 
riiius<7:o>  =  rtCABus  +13} 
DTACKN  =10} 
next} 


!  Phase  1 

!  Of  ClocK  Cycle  3 
!  Meiiiory  Places  Instruction 
>  On  Data  Bus  And 
!  Asserts  DTACKN(Added > 

!  Execute  Pending  Assignments 


/if.t%'i^t*tx.***%x%*»‘t^*tt%-***t'*****t***t***t**$**t**t**ttnit***t/ 

T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

)} 

next}  !  Execute  Impending  Assignments 


T  =  3} 
next; 


Clock  Cycle  3 
Execute  Assignment 


PHIl  =  lo; 

PHr2  =  hi} 
ExmiUF  =  HBuo; 


next} 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Data  Bus 
!  Is  Ploced  In  External  Data 
!  Bus  Buffer 

Execute  Pending  Assignments 


/7i.t%**t%*iiitl^**-**t^%%**%*****t**%V~%*%***********U%it-t%*t%*%*%%**tttt*/ 
T  =  4}  !  Clock  Cycle  A 


next; 


!  Execute  Assignment 


PHIl  =  hi} 
PHI2  =  10} 

PFF;  =  EXDBUF; 


next} 


!  Pbose  1 

!  Of  Clock  Cycle  A 
!  The  Contents  Of  Tlie  External 
!  Dota  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 


PHIl  =  10} 
PHI2  =  hi; 
ASN  =  hi} 


‘  Phase  2 

!  Of  Clock  Cycle  4 
!  Deactivate  Address  Strobe 


LIiSN  =  hi; 
UDSN  =  hi; 
IR  =  pfr; 


IiTACKN  =  hi; 

PC  =  PC  +  4; 

next; 

T  =  0 
) 


!  IieoctivQte  Lower  Doto  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 
!  Register 

!  Deactivate  Data  Transfer ( Added ) 
I  AcKnouledge. 

!  Increment  Program  Counter 
!  Execute  Pending  Assignments 
!  Reset  Clock  Cycle  Counter 


movel  ;= 
( 


!  HOUE.L  D2,A1 


PHIl  =  hi; 

PH12  =  lo; 
ADENARLE  =  lo,’ 
DBENADLE  =  Ic.; 
DDUS  =  Oxffff; 
F;U  =  hi; 

I ABUS  =  pc; 

IDBUS  =  DC2]; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  0 
!  Disable  Address  Bus 
!  Disable  Dato  Bus 
!  Place  Data  Bus  In  High  Impedance 
!  Memory  Read 

»  Place  PC  On  Internal  Address 
!  Bus 

!  Place  Data  From  DC2]  Onto 
!  Internal  Data  Bus 
!  Execute  Fending  Assignments 


PHll  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  I ABUS ; 

FCrtUDE  =  SRMODE; 
FCSPACE  =  2; 
SRCARRY  =  lo; 
GROVER  =  lo; 
SRZERO  =  lo; 
GRNEG  =  lo; 

ACID  =  IDBUS ; 

next; 

ABUS  =  EXABUF ; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Program 
!  Clear  Stotus  Register  Carry  Bit 
!  Clear  Stotus  Register  Overflow  Bit 
!  Clear  Status  Register  Zero  Bit 
!  Clear  Status  Register  Negative  Bit 
!  Place  Data  From  Internal  Data  Bus 
!  Into  All] 

!  Execute  Impending  Assignments 
!  Address  Placed  On  Bus(Added) 

!  Execute  Pending  Assignments 


T  =  1;  !  Clock  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 
ASN  =  lo; 


!  Phase  1  Of 
!  Clock  Cycle  1 
!  Assert  Address  Strobe 


C-149 


LDSN  =  lo; 
ui'SN  =  lo; 
dbenahle  =  hi; 

if  ACn  feql  0 
EiRZERO  =  hi; 
next; 


!  Assert  Lower  Dota  Strobe 
!  Assert  Upper  Iiota  Strobe 
!  Enable  Data  Bus 
!  Set  Status  Register  Zero  Bit 
!  If  (loved  Bata  Is  Zero 
!  Execute  Fending  Assignihents 


PHIl  =  lo; 

PHI2  =  hi; 
if  AC1D<31> 
SRNEG  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  1 
!  Set  Status  Register  (Negative 
!  Bit  If  lioved  Data  Is  i>!egQtive 
!  Execute  Pending  Assignibents 


T  =  2; 
next; 


Clock  Cycle  2 
Execute  Assignaent 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
( 

next; 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  Meniory  To  Place 
!  Data  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI 2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  Assignments 


T  =  3; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

DBUS<15;8>  =  MLABUSi; 
DBUS<7:0>  =  MCABUS  4  13; 
DTACKN  =  lo; 
next; 


!  Clock  Cycle  3 
!  Execute  Assignctent 

!  Phase  1 

!  Of  Clock  Cycle  3 
!  Heoiory  Ploces  Instruction 
!  On  Doto  Bus  And 
!  Asserts  DTACKNt Added ) 

!  Execute  Pending  Assignments 


T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

); 

next;  !  Execute  Iflipending  Assignments 

/$$4U9:9***r$$**»!f****$***t**:$9*43f$**$*$**Jt**$**}(KX****$***$*t***t/ 

T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 

'  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Bate  Bus 
!  Is  Placed  In  External  Iiato 
!  Bus  Buffer 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUB; 


ne;;t; 


!  Execute  Pending  Assignuients 


ufidi 


move 


T  =  4; 
next} 


Clock  Cycle  4 
Execute  Assignsient 


PHIl  =  hi} 
PHI2  =  10} 

PER  =  EXimUF} 


next} 


Phase  1 

Of  Clock  Cycle  4 
The  Contents  Of  The  External 
Data  Bus  Buffer  Are  Placed 
In  Prefetch  Register 
Execute  Pending  Assignments 


PHIl  =  10} 
PHI2  =  hi} 
ASN  =  hi} 
LDSN  =  hi} 
UDSN  =  hi} 
IR  =  PFR} 


DTACKN  =  hi} 


PC  =  PC  F  2} 
next} 

T  =  0 
) 


Phase  2 

Of  Clock  Cycle  4 
Deactivate  Address  Strobe 
Deactivate  Lower  Data  Strobe 
Deactivate  Upper  Data  Strobe 
Contents  Of  Prefetch  Register 
Are  Ploced  Into  Instruction 
Register 

Deactivate  Data  TransfertAdded ) 
Acknowledge 

Increment  ProgroBi  Counter 
Execute  Impending  Assignments 
Reset  Clock  Cycle  Counter 


( 

SRMODE  =10} 

IRa5:8>  =  MCPC3} 
IR<7:0>  =  MCPC  +  13} 
next} 

PC  =  PC  +  2; 

T  =  5} 
next} 

T  =  0 
) 


!  AND.W  ♦$DFFF,SR 

!  Effect  Of  Instruction 
!  Prefetch  Next  Instruction 

!  Is  To  Set  Stotus  Register 
!  Increment  Program  Counter 
!  Supervisor  Bit  To  User 
!  Hode 

!  Requires  6  Clock  Cycles 


( 


!  hOVE.W  (A1)+,D6 


PHIl  =  hi} 

PHI2  =  10} 

DBUS  =  Oxffff} 

F{U  =  hi} 

ADENABLE  =  lo} 
ABUS  =  Oxffffff} 
DBENABLE  =  lo} 


!  Phase  1  Of 
!  Clock  Cycle  0 

!  Ploce  Dota  Bus  In  High  Impedance 
!  Memory  Reod 

!  Disable  Address  Bus  Buffer 
!  Address  Bus  High  Impedanced 
!  Disable  Date  Bus  Buffer 
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NL 


Place  PC  On  Internal  Address 
Bus 

Er;ecutfc  Pending  Assigniuents 


iAtcus<3i;i>  =  PC3i:i>; 

ne/it  r 

PHii  =  lo; 

PHIL’  =  rii; 

At'EtvABLE  =  hi; 

EXhKUF  =  IAIiU£;23:i>; 

FCrtODE  =  SfmOIiE; 

FC5PACE  =  2; 

ABUS  =  IABUS<23:i>; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Program 
!  Place  PC  On  Address  Bus 
!  Execute  Impending  Assignments 


T  =  1;  !  ClocK  Cycle  1 

next;  ‘  Execute  Assignment 


PHll  =  hi; 

PHI2  =  lo; 

ASM  =  lo; 

LBSN  =  lo; 
uusN  =  lo; 
BBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enable  Data  Bus 
!  Execute  Pending  Assignments 


PHII  =  lo; 
PHI2  =  hi; 
next; 


Phase  2 

Of  ClocK  Cycle  1 

Execute  Pending  Assignments 


T  =  2;  !  ClocK  Cycle  2 


next; 


Execute  Assignment 


PHII  =  hi; 

PHI2  =  lo; 
while  DTttCKN  egl  hi 
( 

next; 


<  Phase  1 

!  Of  ClocK  Cycle  2 
!  Wait  For  Memory  To  Ploce 
!  Dota  On  The  Bus 
!  Execute  Impending  Assignments 


PHII  =  lo; 
PH12  =  hi; 
next; 


Phase  2 

Of  ClocK  Cycle  2 
Execute  Assignments 


T  =  3; 

next; 

PHII  =  hi; 

PHI2  =  lo; 

liBUSa5;8>  =  MCABUS3; 
DBUSatO  =  MCABUS  +  13; 
DTACKH  =  lo; 


!  ClocK  Cycle  3 
!  Execute  Assignment 

!  Phase  1 

I  Of  ClocK  Cycle  3 
!  Memory  Places  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKN( Added) 


ciext; 


!  Execute'  Fending  /^ssigneents 


i  =  2  ?  Return  To  Phase  2 

!  Of  ClocK  Cycle  2 
)  f 

next;  *  Execute  liupending  Assignkents 


T  =  3; 
next ; 


i  ClocK  Cycle  3 
!  Execute  Assignnent 


pHii  =  lo; 

PHI2  =  hi; 
EXbbUF  =  IiBUS; 


next; 


!  F'huSfe  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Ciata 
!  Bus  Buffer 

!  Execute  Pending  iSssignaients 


T  =  4} 
rtext; 


Clock  Cycle  4 
Execute  ftssigniient 


PHll  =  hi; 
PHI2  =  lo; 

pFft  =  exbbuf; 


next; 


!  Phase  1 

!  Of  ClocK  Cycle  4 
!  The  Contents  Of  The  External 
!  Bata  Bus  Buffer  Are  Ploced 
!  In  Prefetch  Register 
!  Execute  Pending  Assigntaents 


PHII  =  lo; 
PHI2  =  hi; 
ASH  =  hi; 
LUSH  =  hi; 
UBSN  =  hi; 

PC  =  PC  +  2; 


UTACKN  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  4 
!  Deactivate  Address  Strobe 
!  Deoctivote  Lower  Data  Strobe 
;  Deactivate  Upper  Do to  Strobe 
!  Increiient  Progroni  Counter 
>  Are  Ploced  Into  Instruction 
!  Register 

!  Deactivate  Doto  Transfer (Added ) 
!  Acknowledge 


T  =  S;  !  ClocK  Cycle  5 

next;  !  Execute  Previous  Assignoient 


PHII  =  hi; 

F'H12  =  lo; 

DBUS  =  Oxffff; 

F;u  =•  hi ; 

ABENABLE  =  lo; 
ABUS  =  Oxffffff; 
DBENABLE  =  lo; 


F  Phase  1  Of 
!  ClocK  Cycle  5 

!  Place  Dato  Bus  In  High  Inpedance 
!  heiiory  Read 

>  Disable  Address  Bus  Buffer 
!  Address  Bus  High  Inipedanced 
!  Disable  Data  Bus  Buffer 


lABus  =  Acn; 

next; 


F'loce  ACl]  On  IntE^rnol  Address 
Bus 

Execute  Pending  Assignoients 


PHIl  =  io; 

PHI2  =  hi} 

ADENAtLC  =  hi; 

EXAhUF  =  iAiius<23:i;;; 

FCrtUDE  =  srmohe; 
FCSPACE  =  i; 

SFiCARRY  =  lo; 

SRoyER  =  lo; 

GRZERO  =  lo; 

SRNEG  =  lo; 

ABUS  =  IABUS<23;i>; 
ne>a; 


!  Phase  2  Of 
!  ClocK  Cycle  5 
!  Enable  Address  Bus  buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Hode 
!  Accessing  Bata 

!  Clear  Status  Register  Carry  Bit 

<  Clear  Status  Register  Overflow  Bit 
!  Clear  Status  Register  Zero  Bit 

!  Clear  Status  Register  Negative  Bit 
!  Place  PC  On  Address  Bus  (Added) 

<  Execute  liipending  Assignoients 


T  =  6;  !  ClocK  Cycle  6 


next; 


!  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 
lbsn  =  lo; 
unsN  =  lo; 
UBENABLE  -  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  6 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Dota  Strobe 
>  Enable  Data  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  ha; 
next ; 


!  Phase  2 

!  Of  ClocK  Cycle  6 
!  Execute  Pending  Assignments 


T  =  7; 
next; 


!  ClocK  Cycle  7 
!  Execute  Assignment 


PHIl  =  ni; 

PHI2  =  lo; 
while  BTACKN  eql  hi 
( 

next; 


!  Phase  1 

!  Of  ClocK  Cycle  7 
!  Wait  For  Memory  To  Place 
!  Bata  On  The  Bus 
<  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  7 
!  Execute  Assignments 


T  =  8;  !  ClocK  Cycle  8 

next;  !  Execute  Assignment 


PHIl  =  hi 


•  F'hase  I 


*-  % 


PHI2  =  lo; 

=  rtCnnui:]; 

riEius;7:o.  =  mcabus  +  13; 

IHACKN  =  lo; 
ne;a ; 


!  Of  ClocK  Cycle  8 
!  HoBiory  Places  Instruction 
>  On  Data  Bus  And 
!  Asserts  BTALKNC Added) 

!  Execute  Pending  Assignments 


1  =  7  !  Return  To  Phase-  2 

I  Of  Clock  Cycle  7 


next; 


!  Execute  Impending  Assignments 


T  =  8;  !  Clock  Cycle  8 

next;  *  Execute  Assignment 


PHIl  =  1&; 

PHI2  =  hi; 
EXIiBUF  =  DBUS; 


AC13  =  AC13  +  2; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  8 
!  Instruction  On  Bata  Bus 
!  Is  Placed  In  External  Data 
!  bus  Buffer 
!  Increment  AC13 
!  Execute  Pending  Assignments 


/i/.i^*tn-****i.tt**.%ttyi!.**til-********f^*%tt**r^**t*t**ttttt*$ttttt**rfttttt/ 
T  =  9;  !  ClocK  Cycle  9 

next;  !  Execute  Assignment 


F'Hll  =  hi; 

PHI2  =  lo; 

iDbus  =  exbbuf; 

if  EXBBUF  eql  0 
SRZERO  =  hi; 

If  EXBBUF  a5>  egl 
SRNEG  =  hi; 
next; 

PHIl  =  lo; 

PHI2  =  hi; 

If  IR  eql  0;;3cl9 
BI63  -  IBBUS 
else 

IIC73  =  IDBUS; 
ASN  =  hi; 

LBSN  =  hi; 

UBSN  =  hi; 

IR  =  pfr; 


BTACKN 

next; 

T  =  0 


!  Phase  1 

!  Of  Clock  Cycle  9 

f  Set  Status  Register 
!  Bits  As  Appropriate 


!  Execute  Pending  Assignments 

!  Phase  ^ 

!  Of  Clock  Cycle  9 

!  Place  Contents  Of  Internal 
!  Data  Bus  Into  DC63/OC73 

!  Deactivate  Address  Strobe 
!  Deoctivote  Lower  Data  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 
!  Register 

!  Deoctivate  Data  Transfer (Added) 
!  Acknowledge 

!  Execute  Impending  Assignments 
!  Reset  ClocK  Cycle  Counter 
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PHIl  =  l.i;  ! 
PHI2  =  lo;  ! 
hbus  =  oxffff;  ! 

RW  =  hi;  I 
AIiENABLE  =  lo;  ! 
liBENABLE  =  lo;  ! 
lABUS  =  PC;  ! 

next;  ! 

PHIl  =  lo;  ! 
PHI2  =  hi;  ! 
ABENABLE  =  hi;  ! 
EXABUF  =  I ABUS ;  ! 

FCttODE  =  SRMOBE;  ! 
FCSPACE  =2;  ! 
next;  ! 
ABUS  =  exabuf;  ! 
next;  ! 


Phase  1  Of 
ClocK  Cycle  0 

Place  Bato  Bus  In  A  High  Impedonce 
heaiory  Read 

Disable  Address  Bus  Buffer 
Disable  Data  Bus  Buffer 
Place  PC  On  Internal  Address 
Bus 

Execute  Pending  Assignoients 

Phase  2  Of 

ClocK  Cycle  0 

Enable  Address  Bus  Buffer 

Gate  Internal  Address  Bus 

Into  External  Address  Buffer 

User  Mode 

Accessing  Program 

Execute  Pending  Assignments 

Address  Placed  On  Bus(Added) 

Execute  Pending  Assignments 


T  =  1; 
next; 


!  ClocK  Cycle  1 
!  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  -  lo; 

LBSN  =  lo; 
unsN  =  lo; 
lABUE  =  ACOi; 

DBENABLE  =  hi; 
next; 


!  Phase  1  Of 
*  ClocK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Bota  Strobe 
!  Assert  Upper  Data  Strobe 
!  Hove  Jump  Address  From  ACOJ 
!  To  Internol  Address  Buffer 
!  Enoble  Dota  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PH12  =  hi; 
PC  =  I ABUS; 

next; 


?  Phase  2 

!  Of  ClocK  Cycle  1 
f  Place  Jump  Address  Into  Program 
!  Counter 


/i(}(.}t^t**t*'t^V*1^**t*****t****************$*‘t‘**t*%*%*tt*tttt*%tt*t%ttt/ 
T  =  2;  I  ClocK  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi; 


!  Phase  1 


F'HI2  =  lo; 
while  DTaCKN  eql  hi 
( 

next; 

PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Of  ClocK  Cycle  2 
!  Wait  For  Menory  To  Ploce 
!  Data  On  The  Dus 
!  Execute  Impending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  Assignments 


1-2;  !  Clock  Cycle  3 

next;  )  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

LiBUSa5:8>  =  rtCADUSl; 
DDUS<7:0>  =  rtCADUS  +11; 
DTACKN  =  lo; 
next; 


!  Phase  1 

'  Of  ClocK  Cycle  3 
!  Hemory  Places  Instruction 
>  On  Data  Dus  And 
!  Asserts  DTACKN( Added) 

!  Execute  Pending  Assignments 


T  =  2  !  heturn  To  Phase  2 

!  Of  ClocK  Cycle  2 


next; 


!  Execute  Impending  Assignments 


/xxxKXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxyxxxyxxxkxxxxxxx/ 

T  =  3;  !  ClocK  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDDUF  =  DDUS; 


next; 


!  Phase  2 

!  Of  ClocK  Cycle  3 
!  Instruction  On  Data  Dus 
f  Is  Ploced  In  External  Dota 
!  Dus  Duffer 

!  Execute  Pending  Assignments 


1  -  a;  !  Clock  Cycle  4 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 
next; 

PFD  =  EXDDUF; 


next; 

PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LDSH  =  hi; 


!  Phase  1 

!  Of  ClocK  Cycle  4 

!  The  Contents  Of  The  Externol 
•  Data  Dus  Duffer  Are  Placed 
!  In  Prefetch  Register 
>  Execute  Pending  Assignments 

!  Phase  2 

!  Of  ClocK  Cycle  4 
!  Deactivate  Address  Strobe 
!  Deoctivote  Lower  Data  Strobe 


UnSN  =  hi; 
DTACKN  =  hi; 


Deactivate  Upper  Data  Strobe 
Deactivote  Data  Transfer 
<icKnouleclge(  Added) 


next; 


T  =  5; 
next; 


ClocK  Cycle  5 

Execute  Previous  Assignuient 


PHIl  =  hi; 

PHI2  =  lo; 

RU  =  hi; 
ADENABLE  =  lo; 

dbenable  =  lo; 

lABUS  =  rC; 


next; 


!  Phase  1  Of 
!  ClocK  Cycle  5 
!  heoiory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignitents 


PHIl  =  lo; 

PHI 2  =  hi; 
ADENABLE  =  hi; 
FCMODE  =  SRHDDE; 
FCSPACE  =  2; 
EXABUF  =  I ABUS ; 
next; 

ABUS  =  EXABUF ; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  5 
!  Enable  Address  Bus  Buffer 
!  User  hode 
!  Accessing  Prograni 
!  Sate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  Address  Placed  On  Bus (Added) 
!  Execute  Pending  Assigneents 


T  =  6;  !  ClocK  Cycle  6 


next; 


!  Execute  Assigniient 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
DBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  6 
!  Assert  Address  Strobe 
!  Assert  Lower  Doto  Strobe 
•  Assert  Upper  Dato  Strobe 
<  Enoble  Doto  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phose  2 

!  Of  ClocK  Cycle  6 
!  Execute  Pending  Assignments 


T  =  7;  !  ClocK  Cycle  7 

next;  *  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTaCKN  eql  hi 
( 

next; 


!  Phase  1 

!  Of  ClocK  Cycle  7 
!  Wait  For  Memory  To  Place 
!  Data  On  The  Bus 
!  Execute  Impending  Assignments 


PHii  =  lo; 
PHI2  =  hi; 

next; 


!  Phase  2 

!  Of  ClocK  Cycle  7 
!  Execute  Assignments 


T  =  8; 

!  CIocK  Cycle  8 

next; 

!  Execute  Assignment 

PHII  =  hi; 

!  Phase  1 

PHI 2  =  lo; 

!  Of  Clod;  Cycle  6 

iiBU3a5;8>  =  mlabus:; 

!  nemory  Places  Instruction 

imus  ;7;o>  =  hiAtus  +  n; 

!  On  Bata  Bus  And 

DTACKN  =  lo; 

!  Asserts  BTACKH<Added ) 

next; 

!  Execute  Pending  Assignments 

T  =  7 

!  Heturn  To  Phase  2 

); 

next; 

!  Of  ClocK  Cycle  7 

!  Execute  leipending  Assignoients 

ttt*}f-t*1i^$tt**$.%*t%*****t**t>^***tt*t*/ 

T  =  8; 

\  ClocK  Cycle  8 

next; 

!  Execute  Assignment 

PHII  =  lo; 

!  Phose  2 

PHI2  =  hi; 

!  Of  Clock  Cycle  8 

EXtBUP  =  HBUS; 

!  Instruction  On  Bata  Bus 
!  Is  Placed  In  E);ternal  Data 
!  Bus  Buffer 

next; 

Execute  Pending  Assignments 

T  =  y; 

J  ClocK  Cycle  9 

next; 

!  Execute  Assignment 

PHII  =  hi; 

!  Phase  1 

PHI2  =  lo; 

!  Of  ClocK  Cycle  9 

pFft  =  exubuf; 

!  The  Contents  Of  The  External 
!  Buta  Bus  Buffer  Are  Placed 
•  In  Prefetch  Register 

next; 

!  Execute  Pending  Assignments 

PHII  =  lo; 

!  Phase  2 

PHI2  =  hi; 

!  Of  ClocK  Cycle  9 

ASN  =  hi; 

!  Deactivote  Address  Strobe 

LDSN  =  hi; 

!  Deactivate  Lower  Data  Strobe 

unsN  =  hi; 

f  Deactivote  Upper  Data  Strobe 

PC  =  PC  +  2; 

!  Increment  Program  Counter 

IP  =  PFP; 

!  Ploce  Contents  Of  Prefetch 
!  Register  Into  Instruction 
>  Register 

UTACKN  =  hi; 

?  Deoctivatc  Data  Transfer 

next} 
T  =  0 
) 


!  AcKnowledg&(Added) 

!  Execute  Pending  Aseignnients 
!  Reset  Clock  Cycle  Counter 


decode_exfcCute_prefetch  J= 

< 

cose  IR 


0x2242: 

novel 

!  MOOE.L  li2,Al 

0x3cl9»0x3el9: 

iiove 

!  MOOE.U  (Al)  +  ,Ii6 

0x027c : 

•indi 

!  AND.U  *VIiFFF,SR 

047320: 

onp 

!  JHP  (AO) 

esoc 

) 


Diuin  ;  = 

< 

power_on_initiul i2e; 
fetcn_initial_ instruction ; 
while  F;EftliY  eql  hi 
< 

clecode_execute_p  ref  etch 
) 


/%  %/ 

/%  rtOTOIsOLA  MC6BO(iO  hOHEL  OF  THE  rtOVE.U  -(Al),It4  INSTRUCTION  */ 

/*  »/ 

/):it:4:it:<.»;«:it;»it.)i.]|:)|:4.it:«:!tit:¥iri(>¥it:it.it:it>ititii:4:|:xit>l«:it:y>it4:¥yit;4.)»:».it;)»:«».4:it:«ili:»:]|:it:i|:»»ir:it:it:Ci:«V«i): »:):»/ 

/%  %/ 

/%  Structure  Iieclarotions  X/ 

/%  %/ 

/tr(.Xit.*XXXXX%XXX*XXX%XXXX%Xt%tX*.XtttXX*%%*X*%tV-**XXtXXXXXtX*-*XV-X'<i.tX%%%*XX/ 

state 

/dr  DC  4:  iKiK^^iLit-Vil^^filiVil:  lien:  it:  iCitc  4:  ic>:»i|:i|:it:it:!|ci|cit:  I:**:  1:11: 

/X  %/ 

/%  N6800C'  Prograo.iiiiri^  Registers  %/ 

/%  %/ 

/xi.vxxxx**xx*xxx%xtxxx%xxxtx*xxtt*txx%t*%t%x%xx*x%%xx**%x%tx*x*%xx*%tx*t/ 


iico:7K3i;o>, 
ACo:63<3i:o>, 
Urt7  -:3i:0.; , 
SA7<3i:0.>, 
PC<31 J0>, 


!  8  Iioto  Registers 
!  7  Address  Registers 
!  User  StacK  Pointer 
!  Systfcii  Stack  Pointer 
!  Progroii  Counter 
!  Status  Register 


/](:$XXX*XX*XXXXX*ttX*X*XXXXt*tttX***ttXt*X**XX*tXXt%*XttXtX*X*Xttt**ttTlt.X%/ 
/'»  »/ 

/»  TeBtporory  Internal  Registers  >/ 

/%  %/ 

/:lliS*XX*iH.XXX**tXXXiHf.)^*i.*^XX*XXXX*X*X*XX%X%***X*X*XtXXXXX*X*X**X'tt**X$X*X/ 


PFR<15;0>, 
iR<]s:o>, 
Fcc:o;‘ , 

EXDBUF<1S;0>, 

EXABUF:;23:1>, 

ALUBUFl<3i;0>, 

ALU£tUF2<3i;0>, 

IiT£MP<lS;0>, 

iiisriEG<3i:o>, 

SRTErtP<15;0>, 

lRT£hP<l5;0>, 

TEhPAliR<3i:0/, 

ACTYPE  ;i5;o>, 

VECADR::23:0:  , 


Prefetch  Register 

Instruction  Register 

Function  Code  Register 

External  Dato  Bus  Buffer  Register 

External  Address  Bus  Etuffer  Register(changed) 

ALU  Buffer  1 

ALU  Buffer  2 

Tempo rory  Bata  Storage 

Temporary  Bisplacement  Storage 

Temporary  Status  Register  Storage 

(Exception  Processing) 

Teatporary  Instruction  Register  Storage 
(Exception  Processing) 

Temporary  Cycle  Address  Storage 
(Exception  Processing) 

Temporary  Access  Type  Storage 
(Exception  Processing) 

Teaiporary  Vector  Address  Storage 
(Exception  Processing) 


!  Teftporory  Address  Storoge  For 
!  Ev.ception  Hocidler  Routine 
!  Clock  Cycle  Counter 
'  Reset  Flip-Flop 
!  Halt  Flip-Flop 
!  Reao/Urite  Flip-Flop 
!  Adoress  Rus  Suffer  Enable 
!  Data  Dus  Suffer  Enable 
!  Address  Strobe  Flip-Flop 
!  Lower  Data  Strobe  Flip-Flop 
!  Upper  Data  Strobe  Flip-Flop 
!  Data  Transfer  Acknowledge  Flip-Flop 
!  Carry  Flip-Flop 
!  Exception  Frocessing  Flip-Flop 
!  Ready  Flip-Flop 


/%  »/ 

/%  hodel  transformation  modif icotionst  %/ 

/%  t/ 

/%  1)  CDL  decoder  structure  nonexistent  in  IBP'  and  un-  %/ 

/%■  necessary  for  model.  Eliminated.  t/ 

/*  2)  hulti-phase  clock  structure  nonexistent  in  ISP',  »/ 

/t  Operations  on  registers  will  provide  its  equivalent.  «/ 

/t  3)  Switch  structure  nonexistent  in  ISP'.  Operation  on  a  %/ 

/*  register  will  provide  its  equivalent.  t/ 

/%  4)  The  declared  bus  structures  are  modeled  with  registers  »/ 

/t  without  loss  of  model  accurracy.  This  done  to  maintain  model  %/ 

/i-  equivalency  and  simplicity.  t/ 

/*  5)  The  memory  word  length  was  reduced  from  16  to  8  bit  i/ 

/»  words  to  coincide  with  the  ECR's  32-Kbyte  memory,  to  agree  with*/ 

/*  their  PC  incrementotion,  ond  to  enoble  the  use  of  existing  t/ 

/%  hCb&OOO  assembler  and  1 inker/loader  models.  The  memory  was  %/ 

/%  also  reduced  from  8  Hwords  to  32  Kbytes,  */ 

/»  */ 


HANADR<3i:0) , 

T<7:0>, 

RESET, 

HALT, 

RU, 

ADENARLE, 

drenarle, 

ASN, 

LDSN, 

UDSN, 

DTACKN, 

COUT, 

EXCEPT, 

READY, 


1ARUS<31;0>, 
IDRUS<3i;0>, 
twait<4'.  0.' , 
SWITCH, 

PHIl, 

PHI2; 


I  Internal  Address  Rus 
!  Internal  Doto  Rus 
!  Wait  State  Counter 
Power  Switch 

Phase  1  Of  Two-Phase  Clock 
Phase  2  Of  Two-Phase  Clock 


port 


/%  %/ 

/»  External  Address  and  Data  Rus  %/ 

/%  %/ 


DRusasto, 


!  External  Data  Rus 


r>i(us<23:i;; 


!  External  /tddress  Bas(changecl) 


f  orniat 


/» 

»/ 

/» 

f;eqister  SuLfields 

%/ 

/% 

%/ 

PCftliliB 

pc:23:c:. , 

Prograni  Counter  Address  Field 

SRTftiSCE 

SRa5>, 

Trace  Bit 

SRflOIiE 

SR<13- , 

Mode  Selection  Bit 

e;hcarry 

SR<0  ^ , 

Curry  Bit 

SROVER 

SRil.'  / 

Overflow  Bit 

CK2LR0 

SR  C  - , 

Zero  Bit 

SRNEG 

SR<3:- , 

Negative  Bit 

BREX 

SR<4>, 

Extend  Bit 

SHhRSK  = 

SR<io:c>, 

Interrupt  Mask 

FCSPACE 

FC<i :0y, 

Memory  Access  Address  Space 

FCrtODE 

FC<2>, 

User/Supervisor  Mode  Bit 

PCLOU 

pcas’.Oy, 

PC  Low  Word 

PCHl  = 

PC<3i:i6>, 

PC  High  Word 

UOLUDRIi  = 

LiE03\lBlO.>» 

li[03  Low  Word 

DILUORD 

[icnasjo;, 

DC  13  Low  Word 

t(2LWaRIi 

DC23<15:0>, 

Ii£23  Low  Word 

[iSEWORI'  = 

riC33a5;o>, 

0C33  Low  Word 

II4LU0R1!  = 

Itr43<l5;c;;, 

BL43  Low  Word 

DwlUORIi  = 

riC!;3a5;o>, 

BCS3  Low  Word 

H6LW0Rri  = 

IiC63<15:0y, 

BC63  Low  Word 

D7LU0RD 

IiC73<15:0>, 

BE  73  Low  Word 

DlSREGHUijRr' 

r:ISREG:'3i:ic,i, 

B1SRE6  High  Word 

niSREGLWORIi  = 

I'ISREG  :.15;o:  , 

BISREG  Low  Word 

HiSNAIiRLOU  = 

HANAHIKIBIO, 

HANABR  Low  Word 

HANADRKI  = 

HANAtiR<3i:i6;;  , 

HANABR  High  Word 

TEHPAliIiLOU  = 

TEMPftIiR<15*.0>, 

TEMPABR  Low  Word 

TEflPAIiRHI 

TEMPftriR<3a:i6> 

!!  TEMPABR  High  Word 

meikory 

/%  %/ 

/\  ItoK  16-Bit  Word  Internal  hemory  ¥/ 

/%  %/ 

/%%.%%%.%%%%%%%%%%%%%%%%%%%%%%%%%%  li.%%.%1i.%%%%t1l.%%%.X%%%%%%1(.t%%%%%%%%%%%%%%t%%/ 


«C0: 327671 .7:0;; 


mac  ro 


/•%  %/ 
/%  Logic  Level  Mocros  %/ 


Logic  Level  hocros 


/%  t/ 


lo  =01, 
hi  —  1  & , 
off  =01, 
on  =  1  i, 
clear  =  0  S; 


/%  %/ 

/%  Power  On  and  Initialization.  This  process  was  not  uioueled  but  is  »/ 
/*.  added  to  initialize  signals  and  registers.  %/ 

/%  */ 


/XttXXX*X*X*X*XXi^XXXXX%tXXX%XX'*XXXtXXXX*XtX*tXXtX*X%t'K*'i!^*XX*%X**i‘XtXt*Xt/ 


power_on_initiaii2e  J= 

SWITCH  =  on; 
next; 

READY  =  lo; 

RESET  =  lo; 
delaydOO) ; 

RESET  =  hi; 
next; 

ASM  =  hi; 

LDSN  =  hi; 

UDSW  =  hi,* 

DTACKN  =  hi; 

RU  =  hi; 

DBUS  =  Oxffff; 

MC Ox 100c 3  =  Oxff; 
rttoxiood:  =  Oxff; 
HALT  =  hi; 


!  Turn  Power  On 
!  Execute  Assignment 
!  System  Not  Ready 
!  Assert  Reset  For 
!  100  hxliseconds(Active  Low) 

!  Deactivate  Reset 
!  Execute  Pending  Assignments 
!  Initialize  Address  Strobe 
!  Initialize  Lower  Data  Strobe 
!  Initialize  Upper  Data  Strobe 
!  Initialize  Data  Transfer  Acknowledge 
!  Initialize  Reod/Write(Read  On  High) 

!  Place  Data  Bus  In  High  Impedance  State 
!  Place  henory  Locations  Following  The 
!  JHP  Instruction  In  A  High  Stote 
!  Initialize  Halt  Flip-Flop (Active 
!  Lou) 


T  =  O;  !  Initialize  Clock  Cycle  Counter 

FiEADY  =  hi;  !  System  Ready 

/XttXt*X******X**XX*X*****XX*$*X**%Xi^****X***X*XtXX*****t*ttt*t*/ 
/*  »/ 

/X  Routine  Initialization  F'er  Hamby  ond  Guillory  %/ 

/X  %/ 

/Xx%xt%xxxxx%%xxxxxxxtxxx%txx%xxt%**%x**%*xxx%xxx*%*x%%>i>xxxtx%ti./ 


MCO>i20063  =  0x55; 
HC0X20073  =  0x55; 


!  Data  To  Be  Moved 


MC0x20043  =  Oxaa; 
ML 0x2005 3  =  Oxaa; 
DC23  =  0x2008; 
AC03  =  0x1004; 
AL13  =  0x2008; 

PC  =  0x1 000 ; 
next 
) 


!  Place  2008  Into  DC2D 
!  Place  Hex  1004  Into  AL03 
!  Store  Data  At  This  Address 

*  Place  Hex  1000  Into  Program  Counter 
!  Execute  Assignments 


/%  %/ 

/%  Initial  Fetch  Cycle.  This  cycle  uas  not  modeled  but  is  necessary  %/ 

/%  to  retrieve  modeled  instructions  for  simulation  ond  analysis.  It  %/ 

/%  was  fashsioned  from  the  Read  Cycle  described  by  Haoiby  and  Guillory  %/ 
/%  on  page  VI-15  of  their  thesis.  t/ 

/t  */ 


fetch  initial  instruction  ;= 
"< 


PHll  =  hi; 

PHI2  =  lo; 

RU  =  hi: 
ADCNABLE  =  lo,* 
DBENABLE  =  lo; 
lAkfUS  =  Pc; 


neiit ; 


!  Phase  1  Of 
!  ClocK  Cycle  0 
!  hemory  Read 

!  Disable  Address  Dus  Duffer 
•  Disable  Doto  Dus  Duffer 
!  Place  PC  On  Internal  Address 
!  Dus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ADENADLE  =  hi; 
EXADUF  =  lADUS; 


FCrtODE  =  SftrtODE; 
FCSPACE  =  2; 
next; 

ADUC  =  EXADUF ; 
next; 


Phase  2  Of 

Clock  Cycle  0 

Enable  Address  Dus  Duffer 

Gate  Internal  Address  Dus 

Into  External  Address  Duffer 

User  Mode 

Accessing  Program 

Execute  Impending  Assignments 

Address  Placed  On  Dus (Added) 

Execute  Pending  Assignments 


T  =  1; 
next ; 


ClocK  Cycle  1 
Execute  Assignment 


PHIl  =  hi; 

PHI 2  =  lo; 

ASN  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
DDENADLE  =  hi; 
next; 


Phase  1  Of 

ClocK  Cycle  1 

Assert  Address  Strobe 

Assert  Lower  Data  Strobe 

Assert  Upper  Dato  Strobe 

Enable  Data  Dus 

Execute  Pending  Assignments 


F-'HIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  1 
!  Execute  Pending  Assignments 


T  =  2;  !  ClocK  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
uhile  DT^CKN  eql  hi 
( 

next; 


!  Phase  1 

!  Of  ClocK  Cycle  2 
!  Wait  For  tteaiory  To  Place 
!  Data  On  The  Bus 
<  Execute  loipending  Assigniiierits 


PHIl  =  lo; 
PHI?  =  hi; 
next; 


Phase  2 

Of  ClocK  Cycle  2 
Execute  Assignments 


T  =  3; 
next; 

Phil  =  hi; 

PHI2  =  lo; 

Ii£ius:i5;8>  =  MCAKUSJ; 
iiBus:7;o>  =  MCAbus  +  n; 

DTACKN  =  lo; 
next; 


!  Clock  Cycle  3 
!  Execute  Assignment 

!  Phase  1 

!  Of  Clock  Cycle  3 
!  Memory  Places  Instruction 
!  On  Bata  Eius  And 
!  Asserts  DTACKNCAdded ) 

(  Execute  Pending  Assignments 


1-2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

); 

next;  !  Execute  Impending  Assignments 


T  =  3; 
next; 


!  Clock  Cycle  3 
!  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXUBUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Bata  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  4;  f  Clock  Cycle  4 


next; 


'  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 

PFR  =  exdbuf; 


next; 


!  Phase  1 

!  Of  Clock  Cycle  A 
!  The  Contents  Of  The  External 
!  Bata  Bus  Buffer  Are  Ploced 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PI-112  =  hi; 
ASH  -  hi; 


!  Phase  2 

!  Of  Clock  Cycle  A 
!  Deactivote  Address  Strobe 


LI'SN  =  hi; 
UDSN  =  hi; 

IR  =  pfr; 


[ITACKN  =  hi; 

PC  =  PC  +  4; 
next; 

T  =  0 
) 


!  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Date  Strobe 
!  Contents  Of  Prefetch  Register 
!  ftre  Placed  Into  Instruction 
!  Register 

*  Deoctivate  Data  Tran5fer(rtdded) 
f  AcKnouledge 

!  Increaent  Prograii  Counter 
!  Execute  Pending  Assignihents 
!  Reset  ClocK  Cycle  Counter 


1  AND.W  ♦»DFFF,SR 


E'RrtODE  =  1 0 ; 

IR<15;8>  =  MCPCi; 
1R<7:0>  =  MLfC  +11; 
next; 

F-C  =  PC  i  2; 

T  -  IT  • 

I  -  w>f 

next; 

T  =  0 
) 


!  Effect  Of  Instruction 
!  Prefetch  Next  Instruction 

!  Is  To  Set  Status  Register 
)  Increment  Program  Counter 
!  Supervisor  Bit  To  User 
■  Mode 

!  Reguires  6  ClocK  Cycles 


!  MOVEtW  -(A1),D4 


PHIl  =  hi; 

PH12  =  io; 

DBUS  =  Oxffff; 

RU  =  hi; 

ADENABLE  =  lo; 

ABUS  =  Oxffffff; 
DBENABLC  =  lo; 
iABUs:3i;i>  =  pc<3i:i>; 

riext; 

PHll  =  lo; 

PHIL'  =  hi; 

ADENABLE  =  hi; 

EXABUF  =  IABUS<23;i>; 

FCMODE  =  SRmODE; 

FCSPACE  =  2; 

ABUS  =  IABUS<23;i>; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  0 

!  Place  Data  Bus  In  High  Impedance 
!  Meoiory  Read 

!  Disable  Address  Bus  Buffer 
!  Address  Bus  High  Impedonced 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 

!  Phase  2  Of 
!  ClocK  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internol  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
f  Accessing  Program 
!  Address  Placed  On  Bus 
!  Execute  Impending  Assignments 


T  =  1;  !  ClocK  Cycle  1 

next;  !  Execute  Assignment 

C-167 


•  •• 


%•  V 


PHii  =  hi; 

F-HI2  =  lo; 

ASN  =  lo; 

LD5N  =  lo; 
uitSN  =  lo; 
liBEt'iAliLE  =  hi; 
next; 


!  Phase  1  Of 

<  ClocK  Cycle  1 

!  Assert  Address  Strobe 

<  Assert  Lower  I'ata  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enable  Data  Dus 

!  Execute  Pending  Assignnents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


Phase  2 

Of  CiocK  Cycle  1 

Execute  Pending  Assigniberits 


T  =  2; 
rtext ; 


Clock  Cycle  2 
Execute  Assignibent 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
< 

next; 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Uait  For  Aeoiory  To  Ploce 
!  Data  On  The  Bus 
!  Execute  Iiipending  Assignnents 


F-Hll  =  lo; 
PHI2  =  hi; 
next; 


Phose  2 

Of  Clock  Cycle  2 
Execute  Assigneents 


T  =  3; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

liBUS<15;8>  =  Mt  adust; 
DBUS<7;0>  =  fiCABUS  +  13; 
DTACKN  =  lo; 
next; 


!  Clock  Cycle  3 
!  Execute  Assignment 

!  Phose  1 

<  Of  ClocK  Cycle  3 
!  tteiiory  Places  Instruction 
!  On  Date  Bus  And 
!  Asserts  DTACKH( Added) 

!  Execute  Pending  Assignments 


T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

); 

next;  !  Execute  Impending  Assignments 


/%%%%%1^1^%t%t%%r^l$%4%*n■**^******t*tt**^%tt*$W********t*1li*!(1[tt1ti*t**9*t/ 
T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 

!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUS; 


next; 


<  Execute  Pending  /sssignuents 


T  =  4; 
next} 


ClocK  Cycle  4 
Execute  hssignsient 


PHIl  =  hi} 
PHI2  =  10} 

PFft  =  EXnHUF} 

next} 


:•  Phase  1 

!  OF  ClocK  Cycle  4 
!  Prefetch  Register  Gets  External 
•.  Data  Dus 

!  Execute  Pending  Assignihents 


PHll  =  10} 
PHI2  =  hx} 
ASN  =  hi} 
LDSN  =  hi} 
UDSN  =  hi} 


PC  =  PC  +  2} 
DlftCKN  =  hi} 

next} 


!  Phase  2 

!  Of  ClocK  Cycle  4 
!  Deactivate  fiddress  Strobe 
!  Deactivate  Lower  Date  Strobe 
!  Deoctivote  Upper  Data  Strobe 
!  Rre  Placed  Into  Instruction 
!  Register 

!  Increoient  Program  Counter 
!  Deactivate  Data  Transf cr(Rdded ) 
!  ficKnowledge 


/$tt***t$iH***V*$**$*t*t*Jli**Jl:**$t$$*-$$***ttt$t*tJHi***t***$$$****$i$/ 


T  =  5} 

!  Clock  Cycle  S 

next} 

!  Execute  Previous  Assigniient 

PHIl  = 

hi} 

!  Phase  1  Of 

PHI  2  = 

10} 

!  Clock  Cycle  5 

Acn  = 

ACl]  -  2} 

!  Decreiient  AC  13 

ADUS  = 

Oxffffff} 

!  Address  Dus  High  Inpedanced 

DDUS  = 

Oxffff } 

!  Data  Bus  High  Inpedonced 

next} 

!  Execute  Pending  Assignikents 

PHIl  = 

10} 

!  Phase  2  Of 

PHI2  = 

hi} 

!  Clock  Cycle  5 

next} 

!  Into  External  Address  Buffg: 

T  =  6} 

!  ClocK  Cycle  6 

next} 

!  Execute  Assignnent 

PHIl  = 

hi} 

!  Phase  1  Of 

PH12  = 

10} 

!  Clock  Cycle  6 

next} 

!  Execute  Pending  Assigniients 

PHIl  = 

10} 

!  Phase  2 

PH12  = 

hi} 

f  Of  ClocK  Cycle  6 

next } 

!  Execute  Pending  Assignments 

1=7}  !  Clock  Cycle  7 


next; 


!  Execute  Previous  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

RU  =  hi; 
ahenahle  =  lo; 
UBENABLE  =  lo; 
I ABUS  =  AC13; 

next; 


!  Phase  1  Of 
!  ClocK  Cycle  7 
!  heBiory  Read 

!  Disable  Address  Bus  Buffer 
f  Disable  Data  Bus  Buffer 
!  Place  AC13  On  Internal  Address 
!  Bus 

!  Execute  Fending  Assignments 


PHll  =  lo; 

PHI2  =  hi; 

ADENABLE  =  hi,' 

FCAODE  =  SRMODE; 
FCSPACE  =  i; 

EXABUF  =  IABUG<23:i>; 
ABUS  =  IABUS<23:i>; 
SRCARRY  =  O; 

SROUER  =  o; 

SRZERO  =  o; 

SRNE6  =  O; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  7 
!  Enable  Address  Bus  Buffer 
!  User  Mode 
!  Accessing  Data 
■  Gate  Internal  Address  Bus 
!  Place  Address  On  Bus 
!  Initialize  Status  Register 
!  Condition  Bite 


!  Into  External  Address  Buffer 


/%t*****%**lit*********%*****t****tiit*tt*tt*1t**}^**tt%ttttt*ttt%ttt%/ 

T  =  8;  !  ClocK  Cycle  8 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

UDoA  =  lo; 

LDSN  =  lo; 

ASN  =  lo; 
DBENABLE  =  hi; 
next; 


!  Phase  I  Of 
!  ClocK  Cycle  8 
!  Activote  Upper  And 
!  Lomer  Dato  Strobes 
!  Assert  Address  Strobe 
!  Enable  Dato  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  8 
!  Execute  Pending  Assignments 


T  =  9;  !  ClocK  Cycle  9 

next;  '  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
< 

next; 


!  Phase  1  Of 
•  ClocK  Cycle  9 
!  Wait  For  Memory  To  Place 
!  Dato  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PH12  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  9 
!  Execute  Assignments 


1  =  lo;  '  ClocK  Cycle  10 

ns::if  !  Execute  Assigrinient 


PHIl  =  hi; 

PHI2  =  lo; 

LiBucacto  =  rtCftitusi; 
Pi(US<7:o.;  =  MCA£t‘JS  +  11 ; 
inftCKN  =  Ic'j 
next; 


!  Piluse  1  • 

!  Of  Clock  Cycle  10 
!  MeBtory  Places  Instruction 
!  On  Doto  Bus  And 
!  Asserts  DTACKNi Added) 

!  Execute  Pending  Assignnients 


T  =  9  !  Return  To  Phase  2 

!  Of  Clock  Cycle  9 

) ; 

nex.t;  !  Execute  Isipending  Assigria>ents 

T  =  lo;  !  Clock  Cycle  10 

next;  !  Execute  Assignnient 


PHll  =  lo; 

PHI2  =  hi; 
EXDBUF  =  imus; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  10 
!  Instruction  On  Iiata  Bus 
!  Is  Placed  In  External  Dota 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/!|;)|.¥:tv4«¥¥¥¥¥¥i«¥¥¥¥¥¥¥¥¥¥V¥¥¥¥»'¥«¥¥¥¥¥««¥¥¥«¥¥¥»¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥»/ 

T  =  li;  !  Clock  Cycle  11 

[text;  !  Execute  Assignibent 


PHIl  =  hi; 

PHI 2  =  lo; 
iDBus  =  EXimup; 
if  EXDBUF  eql  0 
SRZEFsO  =  hi; 
if  EXIiUUF<15> 
SftNEG  =  hi; 
riext ; 


!  Phase  1 

!  Of  ClocK  Cycle  11 

!  Set  Condition  Code  Bits 
!  As  Appropriote 


!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
if  IR  egl  0x3821 
Ii[43  =  lUBUS 
else 

Ii[33  =  IBBUS; 
ASN  =  hi; 

LI'SN  =  hi; 

UDGN  =  hi; 

BTACKN  s  hi; 


!  Phase  2 

!  Of  Clock  Cycle  11 
!  Ploce  Value  In  Either 
!  UCA]  Or  IIC33 
!  Depending  On  Instruction 

!  Beactivote  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Dato  Strobe 
!  Deactivate  Doto  Transfer (Added) 
!  Acknowledge 


next; 


‘  Execute  Pending  /tbsignAents 


T  =  0 
) 

;=  .  !  ttUUE.L  D2,ftl 

( 


PHIl  =  hi; 

PHI2  =  lo; 
MiENiHBLE  =  lo; 
UBENABLE  =  lo; 
DBUS  =  Oxffff; 
RW  =  hi; 

I ABUS  =  PC; 

IBBUS  =  liC23; 

next; 


!  Phase  1  Of 
!  ClocK  Cycle  0 
!  Disable  Address  Bus 
!  Disable  Data  Bus 
!  Place  Data  Bus  In  High  Impedance 
!  Meniory  Read 

!  Place  PC  On  Internal  Address 
!  Bus 

!  Place  Data  Frow  DC2D  Onto 
!  Internal  Data  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  -  hi; 
EXABUF  =  I ABUS; 

FChODE  =  SRhODC; 
FCSPACE  =  2; 
SRCARRY  =  lo; 
BKOVEH  =  lo; 
SR2ER0  =  lo; 
SRNEG  =  lo; 

ACID  =  IDBUS; 


next; 

ABUS  =  EXABUF ; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Prograui 
!  Clear  Status  Register  Curry  Bit 
!  Clear  Status  Register  Overflow  Bit 
!  Clear  Status  Register  Zero  Bit 
!  Clear  Status  Register  Negative  Bit 
!  Place  Dato  Fron  Internal  Data  Bus 
!  Into  ACID 

!  Execute  Impending  Assignments 
!  Address  Placed  On  Bus(Added) 

!  Execute  Pending  Assignments 


T  =  i;  !  Clock  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PriI2  =  lo; 

ASN  =  io; 

LDSN  =  lo; 

UDSN  =  lo; 
DBENABLE  =  hi; 
if  ACID  egl  0 
SRZERO  =  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  1 
Assert  Address  Strobe 
!  Assert  Lower  Dote  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enable  Data  Bus 
!  Set  Status  Register  Zero  Bit 
!  If  Moved  Data  Is  Zero 
!  Execute  Pending  Assignments 


F'Hll  =  1q; 

F'H12  =  hi; 
if  AC13  31> 

SRHEC  =  hi} 
rtfci.t ; 

T  =  2; 
next} 

F-Kll  =  hi; 

PHI2  =  lo; 
while  liTACKN  enl  hi 
( 

n  e/ii- ; 

PHii  =  lo; 
F-HI2  =  hi; 
rie>;t; 


!  Phase  2 

'  Of  ClocK  Cycle  1 
!  Set  Status  Pegister  Negative 
!  tit  If  Hoveti  Dote  Is  Negative 
!  Ej-ifecute  Pending  Assigniuents 

:  ClocK  Cycle  2 
!  E;;ecute  hssignnient 

!  Those  1 

!  Of  Clock  Cycle  2 
!  Walt  For  neB.ory  To  Place 
!  [iota  On  The  Bus 
!  Execute  Impending  i^ssigriments 

!  Phase  2 

!  Of  ClocK  Cycle  2 
}  Execute  iSssignments 


T  =  3; 
ne;:t; 

PHII  =  hi; 

PHI 2  =  lo; 

otusas.'B  =  riCAtusi; 
liliUL;<V;0;  =  HCftKUS  f  11; 

OTACKN  -  lo; 
next; 


!  Clock  Cycle  3 
!  Execute  Assignment 

!  Phase  1 

<  Of  Clock  Cycle  3 
'  Memory  Pieces  Instruction 
!  On  Iiata  Bus  And 
!  Asserts  IirACKN(Added ) 

!  Execute  F’endihg  Assignments 


T  =  2  !  Fie  turn  To  Phase  2 

!  Of  ClocK  Cycle  2 

); 

next;  !  Execute  loipending  Assignments 


/$l.*ii***t*1iYtt*$t:ii***U*fiit**$****t**$t*1^ti******im****$*t*t**1li***t/ 

T  =  3;  !  ClocK  Cycle  3 

next;  !  Execute  Assignment 


PKIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  Lib'JO; 


next; 


!  Phose  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Uata  Bus 
!  Is  Ploced  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/1iiff:ittjf*$iH%$$%t»i**U**ti*¥*U****Jt*it*ilit.«.****t*****t*******t******t*/ 
T  =  4;  !  ClocK  Cycle  4 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 

FT-P  =  EXIibUF; 


riext; 


!  Phase  1 

!  Of  ClocK  Cycle  A 
!  The  Contents  Of  The  E::terrial 
!  Oata  Eus  buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignaents 


PHii  =  lo; 

!  Phase  2 

F-HI2  =  hi; 

!  Of  ClocK  Cycle  4 

ASN  =  hi; 

!  Deactivate  Address  Strobe 

LUSN  =  hi; 

!  Deactivate  Lower  Data  Strobe 

UDSN  =  hi; 

!  Deactivate  Upper  Data  Strobe 

IR  =  pfr; 

!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 
*  Register 

DTACKN  =  hi; 

!  Deactivate  Dato  Transfer < Added ) 
>  AcKnowledge 

PC  =  PC  t  2; 

!  Increment  Prograa  Counter 

riCxtf  f 

!  Execute  Impending  Assignaents 

T  =  0 

!  Reset  ClocK  Cycle  Counter 

) 


!  JMP  (AO) 


( 


Phil  =  hi; 

F-HIl-  =  lo; 
libus  =  oxffff; 
RW  -  hi; 
ADENABLE  =  lo; 

ubenable  =  lo; 

I Abus  =  pc; 

next; 


!  Phase  1  Of 
!  ClocK  Cycle  0 

!  Place  IiQto  Bus  In  A  High  lapedonce 
!  Heniory  Read 

!  Bisable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Piece  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignaents 


pHii  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi*, 
EXABUF  =  I ABUS ; 

FCfioDE  =  srhode; 

FCSPACE  =  2; 
next; 

ABUS  =  EXABUF ; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
'  Into  External  Address  Buffer 
\  User  Mode 
!  Accessing  Prograa 
!  Execute  Pending  Assignaents 
!  Address  Placed  On  Bu&( Added) 
!  Execute  Pending  Assignaents 


T  =  i;  !  ClocK  Cycle  1 

next;  !  Execute  Assignaent 


PHIl  =  hi; 


!  Phose  1  Of 


7 


PHI2  =  lo; 

/iSN  =  lo; 
lusn  =  lo; 
unsN  =  lo; 
lABUS  =  AlOI; 

ubenable  =  hi; 

next; 


!  ClocK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Uoto  Strobe 
?  Move  Jump  Address  From  A£CO 
!  To  Internal  Address  Buffer 
!  Enable  Data  Bus 
!  Execute  Pending  Assignoients 


PHIl  =  lo; 
PHI2  =  hi; 
PC  =  I ABUS ; 


next; 


!  Phase  2 

!  Of  ClocK  Cycle  1 
!  Place  Jump  Adoress  Into  Program 
!  Counter 


T  =  2;  !  ClocK  Cycle  2 


next; 


Execute  Assignsient 


PHIl  =  hi; 

PHlI!  =  lo; 
while  DTACKN  egl  hi 
( 

next; 


!  Phase  1 

<  Of  ClocK  Cycle  2 
!  Wait  For  Memory  To  Place 
!  Data  On  Ihe  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


‘  Phase  2 

!  Of  ClocK  Cycle  2 
!  Execute  Assignments 


/¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥»¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥*¥«:  iKKXiKYK/ 


T  =  3; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

DBUS<15;8>  =  MtnBUSi; 
DBUS<7:0>  =  ME ABUS  t  13; 
DTACKN  =  lo; 
next; 


!  ClocK  Cycle  3 
!  Execute  Assignment 

!  Phase  1 

!  Of  Clock  Cycle  3 
!  Memory  Places  Instruction 
!  On  Dato  Bus  And 
!  Asserts  DTACKN(Added) 

!  Execute  Pending  Assignments 


/«¥¥¥¥¥¥»¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥»¥¥¥¥¥¥¥¥¥¥»¥¥¥¥¥¥¥¥¥¥¥¥¥»¥¥¥«¥>¥¥¥»/ 

T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

); 

next;  •  Execute  Impending  Assignments 

/$iU$*1ili*t**$*$t**$**Xt*$**t**r***$*1lififf**tt**$if****$$t:t*$**t**$f/ 

T  =  3;  t  ClocK  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUS; 


!  Pliase  2 

!  Of  ClocK  Cycle  3 
!  Instruction  On  Data  Bus 


Bus  Buffer 

Execute  Pendirig  rtsiignments 


T  =  Ai 
next; 


!  ClocK  Cycle  4 
!  Execute  AesignBier.t 


PHIl  =  hi; 
PHI2  =  lo; 
next; 

PFR  =  exublif; 


next; 


Phase  1 

Of  ClocK  Cycle  4 

The  Contents  Of  The  External 
Bata  Bus  Buffer  Are  Placed 
In  Prefetch  Register 
Execute  Pending  Assignments 


Phil  =  lo; 


Phase  2 


PHI2  =  hi; 
ASH  =  hi ; 
LBGN  =  hi; 
UIiSN  =  hi; 

btackn  =  hi; 

next; 


Of  ClocK  Cycle  4 
!  Beactivote  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Deactivate  Data  Tronsfer 
f  AcKnouledge( Added ) 


T  =  5;  !  ClncK  Cycle  5 


next; 


Execute  Previous  Assignuient 


PHIl  =  hi; 

PHI 2  =  lo; 

RW  =  hi; 

ADEN ABLE  =  lo; 
DBENABLE  =  lo; 
1A6US  =  Pc; 

next ; 


!  Phase  1  Of 
!  ClocK  Cycle  5 
!  hefcory  Read 

!  Disable  Address  Bus  Buffer 
>  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PH12  =  hi; 
ADENABLE  =  hi; 
FCMODE  =  SRHODL; 
FCSPACE  =  2; 
LXABUr  =  I ABUS ; 
next; 

ABUS  =  EXABU!"; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  5 
!  Enable  Address  Bus  Buffer 
!  User  Node 
!  Accessing  Prog  raid 
!  Gote  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  Address  Placed  On  Bus( Added) 
!  Execute  Pending  Assignments 


T  =  6;  !  ClocK  Cycle  6 

next;  !  Execute  Assignment 


PHI]  =  hi;  !  Phase  1  Of 

PHI2  =  lo;  !  ClocK  Cycle  6 


ASN  =  lo; 

LDSN  =  lo; 
unsN  =  lo; 
UBENAbLE  =  hi; 
next; 

PHll  =  lo; 

phi:  =  hi; 

next; 


Assert  Address  Strobe 
Assert  Lower  Bato  Strobe 
Assert  Upper  Bo to  Strobe 
Enable  Boto  Bus 
Execute  Pending  Assigniuents 

Phose  2 

Of  ClocK  Cycle  6 

Execute  Pending  Assignuents 


/  in  If »:» ;j.  X  1C  »  »»»*»»'»»:  1  ?.  i:  ¥  4;  Jr  / 

T  =  7;  !  ClocK  Cycle  7 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  Ic; 
while  BTACKN  eqi  hi 
( 

next ; 


Phose  1 

Of  Clock  Cycle  7 

Uoit  For  Meaiory  To  Place 

Boto  On  The  Bus 

Execute  iBipending  Assignments 


PHll  =  lo; 
PHi:  =  hi; 
next; 


Phase  2 

Of  Clock  Cycle  7 
Execute  Assignments 


/XlCXXXXXXXiClCX».iClCXXXXX>C4ilCXXlClClCit:ikXXXXX!CXlClClClC!Cl|:iClClCtXXlC¥»iClcK;iCXXV/ 
T  =  8;  !  Clock  Cycle  8 

next;  !  Execute  Assignment 


PHll  =  hi ; 

PH12  =  io; 

'BBUs;i5:o.;  =  mcabuci; 
BBUS<7:0>  =  ALABUS  +  li; 
BTACNN  -  io; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  8 
!  hemory  Places  Instruction 
I  On  Bata  Bus  And 
!  Asserts  BTACKN (Added ) 

!  Execute  Pending  Assignments 


/%ll^.7^.tt^v^t%%■l^■*1^*t%*%'^*%'$m1f.t****t***t****%*******t**%^$tt'(**tt/ 

T  =  7  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  7 

) ; 

next;  !  Execute  Impefiding  Assignsients 

T  =  8;  !  Clock  Cycle  8 

next;  !  Execute  Assignment 


PHll  =  lo; 

PH12  =  hi; 
EXBBUF  BBUS; 


next; 


!  Phose  2 

!  Of  Clock  Cycle  8 
!  Instruction  On  Boto  Bus 
!  Is  Ploced  In  External  Bato 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


r%  -1  o  « 
•  i  I 


•  “• 


T  =  9; 
next ; 

PHIl  =  hi; 
PHI2  =  lo; 

PFR  =  exdbuf; 


next; 

PHIl  =  lo; 
PHIZ  =  hi; 
rtSN  =  hi; 
LDSN  =  hi; 
UDSN  =  hi; 
F'c  =  PC  -f  : 
IR  =  pfr; 


DTftCKN  = 

next; 

T  =  0 
) 


!  ClocK  Cycle  9 
!  Execute  Assignment 

!  Those  1 

!  Of  Clock  Cycle  9 
!  The  Contents  Of  The  Externol 
!  Doto  Bus  Buffer  Are  Placed 
'  In  Prefetch  Register 
!  Execute  Pending  Assignments 

!  Phose  2 

!  Of  Clock  Cycle  9 
!  Deoctivote  Addrpcs  Strobe 
!  Beoctivote  Lower  Doto  Strobe 
!  Deoctiuote  Upper  Doto  Strobe? 
!  Increment  Program  Counter 
!  Ploce  Contents  Of  Prefetch 
!  Register  Into  Instruction 
!  Register 

'  Deoctivote  Doto  Transfer 
!  Acknowledge(Added) 

!  Execute  Pending  Assignments 
!  Reset  Clock  Cycle  Counter 


clecode_execute_p refetch  *  = 


cose  IR 


0x3821,0x3621; 

move 

!  MOVE.W  -(A1'>,D4  CD33 

0x027c : 

ondi 

!  AHIUW  HPFFFrSR 

047320: 

•imp 

!  JHP  (AO) 

0x2242: 

movel 

!  MOME.L  D2,A1 

power_on_initiQlize; 
fetch_initiQl_instruction ; 
while  READY  eql  hi 
( 

decode  execute  p’'efetch 


r 

;  Vk  •  . 

N 


-  J 


s  .  •* 


*.  •• 


/%  %/ 

/%  MOTOKOLft  MC6BOOO  HOUEL  OF  THE  MO^E.U  04(A1),D1  INSTRUCTION  »/ 
/%  %/ 

/X'k'H.XXXXXXXttXtXXXXXXXXXXXXXXXXtXXXXXtXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXtXXX/ 
/%  */ 

/X  structure  Declu rations  X/ 

/X  X/ 

/xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxx/ 

stute 

4:  lancet: 

/»  X/ 

/X  H68000  F'rogra»igiing  Registers  X/ 

/X  %/ 

/XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX/ 


LiC0:73<3i:0>, 

AC0;63<3150>, 

UA7<3i:0>, 

SA7<3i;0>, 

PC<3i;o>, 

SR<15:0>, 


8  Oato  Registers 
7  Address  Registers 
User  Stack  Pointer 
Systeb  Stack  Pointer 
Prog  ran  Counter 
Status  Register 


/XX%%XXX%%XX%xxxXXXXXX%X%XXXXXXX%%XX%XX%%%%Xx%XXX%XXX%XXXXXXXXX%%XXXtXXX/ 
/X  »/ 
/X  Teaporary  Internal  Registers  */ 
/X  »/ 
/¥¥¥¥»¥«¥¥¥¥¥¥¥¥¥«¥¥¥¥¥¥¥¥¥¥»¥¥»¥¥¥¥¥m¥¥»¥«¥¥¥¥¥¥¥¥¥¥¥¥¥¥X»¥¥¥¥¥¥¥¥»¥t/ 


PFR<1550>, 

IR<15;0>, 

FC<2:0>, 

EX0£tUF<15;0>, 

EXAE<UF<23:i>, 

ALUBUFl<3i:0>, 

ALUBUF2<3i:0>, 

iirEfip<i5:o>, 

DISREG<3i;0>, 

SRTEMP<15;0>, 

IRTEnP<15J0>, 

TEnPAliR<3l  !0>, 

ACTYPE<15:0>, 

VECADR<23:0>, 


Prefetch  Register 

Instruction  Register 

Function  Code  Register 

External  Dato  Bus  Buffer  Register 

External  Address  Bus  Buffer  Register (changed) 

ALU  Buffer  1 

ALU  Buffer  2 

Teiiporary  Data  Storage 

Temporary  Displaceeent  Storage 

Temporary  Stotus  Register  Storage 

(Exception  Processing) 

Temporory  Instruction  Register  Storage 
(Exception  Processing) 

Temporary  Cycle  Address  Storage 
(Exception  Processing) 

Temporary  Access  Type  Storage 
(Exception  Processing) 

Temporary  Vector  Address  Storoge 
(Exception  Processing) 


HANADR<3i:0>, 


T<7:o>, 

RESET, 

Halt, 

RU, 

ADENABLE, 

IiBENABLE, 

ASN, 

LBSN, 
UBSN, 
BTACKN, 
COUT , 
EXCEPT, 
READY , 


!  Temporary  Address  Storage  For 
!  Exception  Handler  Routine 
!  Clock  Cycle  Counter 
Reset  Flip-Flop 
Halt  Flip-Flop 
Reod/Urite  Flip-Flop 
Address  Bus  Buffer  Enable 
Data  Bus  Buffer  Enable 
Address  Strobe  Flip-Flop 
Lower  Date  Strobe  Flip-Flop 
Upper  Data  Strobe  Flip-Flop 
Data  Transfer  Acknowledge  Flip-Flop 
Carry  Flip-Flop 

E'xception  Processing  Flip-Flop 
Ready  Flip-Flop 


/*  %/ 

/t  Model  tronsforniotion  modif icationst  %/ 
/»  X/ 
/%  1)  CDL  decoder  structure  nonexistent  in  ISP'  and  un-  %/ 
/%  necessary  for  model.  Eliminated.  t/ 
/%  2)  Multi-phase  clock  structure  nonexistent  in  ISP'.  »/ 
/*  '  Operations  on  registers  will  provide  its  equivalent.  X/ 
/%  3)  Switch  structure  nonexistent  in  ISP'.  Operation  on  a  */ 
/X  register  will  provide  its  equivalent.  X/ 
/X  4)  The  declared  bus  structures  are  modeled  with  registers  X/ 
/'«  without  loss  of  model  uccurracy.  This  done  to  maintain  model  X/ 
/X  equivalency  and  simplicity.  %/ 
/X  S)  The  memory  word  length  was  reduced  from  16  to  8  bit  X/ 
/%  words  to  coincide  with  the  ECB's  32-Kbyte  memory,  to  agree  witht/ 
/X  their  PC  incrementation,  ond  to  enable  the  use  of  existing  X/ 
/X  MC66000  assembler  and  linKer/loader  models.  The  memory  wos  %/ 
/X  also  reduced  from  8  Hwords  to  32  Kbytes.  X/ 
/X  */ 


lABUS<3i;0>, 

IDBUS<3liO>, 

twait<4;0>, 

SWITCH, 

PHIl, 

PHI2; 


!  Internal  Address ^Bus 
!  Internal  Dato  bus 
!  Wait  State  Counter 
!  Power  Switch 

!  Phase  1  Of  Two-Phase  Clock 
!  Phose  2  Of  Two-Phose  Clock 


port 


/X  X/ 

/X  External  Address  and  Data  Bus 

/X  X/ 

/xxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxttxxxxxxtxxxxxxxxxttxxxxxxxxxxxx/ 


[IBUS<15:0>, 


!  External  Data  Bus 


AIIUS<23*.1>; 


!  External  Address,  6us(changed) 


forjiot 


/%  %/ 

/%  Register  Subfieltjs  %/ 

/%  %/ 


PCADDR 

= 

PC;23J0>, 

SRTRACE 

= 

SR  si  5.'  t 

SRMODE 

= 

SR<13; , 

SRCARRY 

= 

SR<0>, 

SROVER 

= 

SR<1>, 

SRZERO 

= 

SR<2>, 

SRNEG 

= 

GR^3.^'  f 

SREX 

= 

SR<4>, 

SRMASK 

SR<10:8>, 

FCSPACE 

FC<i:o>, . 

FCMODE 

FC<2> , 

PCLOU 

= 

F'L'sI  5  *  0.^  f 

PCHI 

= 

pc<3i ;i6>, 

DOLWORli 

S 

DC01sl5:0>, 

DILUORD 

a 

DCllsl5:0>, 

nZLWORD 

s: 

DC21<15:0>, 

D3LU0RD 

s 

DC3] <15:0>, 

I14LW0RD 

S 

DC4D<15;0>, 

D5LU0RD 

= 

DC53<15:0>, 

DoLUORD 

= 

DC61<15:0>, 

D7LU0RD 

s 

DC7]<15!0>, 

DISREGHUORD 

s 

DISREG<5i;i6;> 

DISREGLUORD 

= 

DISREG<15:0>, 

HAMADRLOU 

S 

HANADR<15;0>, 

HANADRHI 

= 

HANADR<3i:i6> 

TEMPADRLOW 

= 

TEMPADR<15;0> 

TEMPADRHI 

TEMPADR<3i:i6 

Prog  ran.  Counter  Address  Field 
Trace  Etit 

Hode  Selection  Bit 
Carry  Bit 
Overflow  Bit 
Zero  Bit 
Negative  Bit 
Extend  Bit 
Interrupt  HasK 
henory  Access  Address  Space 
User/Supervisor  Mode  Bit 
PC  Low  Word 
PC  High  Word 
BCOD  Low  Word 
DC  11  Low  Word 
DC23  Lou  Word 
DC31  Low  Uord 
DC^'J  Low  Uord 
DC 51  Low  Uord 
DC^'J  Low  Uord 
DC71  Low  Uord 
DlsREG  High  Uord 
DISREG  Low  Word 
HANADR  Low  Uord 
HANADR  High  Uord 
TEMP ADR  Low  Uord 
!  TEMPADR  High  Word 


niehory 

/*  t/ 

/%  16K  16-Bit  Word  Internol  Meiiory  %/ 

/%  »/ 

MC 0 1327671 <7 :o>; 


uiocro 

/*  %/ 
/%  Logic  Level  Macros  >/ 

C-181 


<1^ 


\  • 


/»  %/ 


lo  =  0 

hi  =11, 

off  =01, 
on  =  1  S, 

clear  =  0  fc; 


/»  »/ 

Power  On  and  Initialization.  This  process  was  not  bodeled  but  is  */ 
/%  added  to  initialize  signals  and  registers.  t/ 
/%  %/ 


pOMer_on_initiali2e  ;= 
( 

SWITCH  =  on; 
next; 

REAHY  =  lo; 
RESET  =  lo; 
delay(lOO) ; 


!  Turn  Power  On 
!  Execute  Assignaent 
!  Systeii  Not  Ready 
!  Assert  Reset  For 
*  100  Hiliseconds(Active  Low) 


RESET  =  hi; 
next; 

ASN  =  hi; 

LUSN  =  hi; 
unsN  =  hi; 

UTACKN  =  hi; 

RW  =  hi; 

imus  =  oxffff; 

MCOxlOOeT  =  0;.ff; 
MtOxlOOf]  =  oxff; 
HALT  =  hi; 


!  Deactivate  Reset 
!  Execute  Pending  Assignihents 
!  Initialize  Address  Strobe 
!  Initialize  Lower  Data  Strobe 
!  Initialize  Upper  Data  Strobe 
!  Initialize  Date  Transfer  Acknowledge 
!  Initialize  Read/Urite(Read  On  High) 

!  Place  Date  Dus  In  High  liipedance  State 
!  Place  Heitory  Locations  Following  The 
!  JHP  Instruction  In  A  High  State 
!  Initialize  Halt  Flip-Flop (Active 
!  Lou) 


T  =  O;  !  Initiolize  Clock  Cycle  Counter 

READY  =  hi;  !  Systee  Ready 

/%  */ 

/*  Routine  Initialization  Per  Haaby  and  Guillory  1/ 

/%  »/ 


Mt0x2OOA3  = 
MCOxl'OOSl  = 


0>;55; 

0x55; 


!  Value  To  De  Hoved 


MC0X200G1  =  Oxaa; 
hC0x20093  =  Oxaa; 
AEC3  =  oxiooa; 
ACl]  =  0x2000 ; 

PC  =  0x1000 ; 
next 


!  Value  To  Be  Hoved 

!  Place  Hex  1004  Into  ACOI 
!  Store  Date  At  This  Address 

!  Piece  Hex  1000  Into  Progroe  Counter 
!  Execute  Assigneents 


) 


y%  Initiol  Fetch  Cycle.  This  cycle  was  not  niodeled  but  is  necessary  %/ 
/%  to  retrieve  modeled  instructions  for  simulotion  and  onolysis.  It  >/ 
/»  was  fashsioned  from  the  head  Cycle  described  by  Hamby  and  Guillory  »/ 
/»  on  page  VI-15  of  their  thesis.  t/ 

/%  %/ 

fetch  initial  instruction  ;= 

"( 


f'HIl  =  hi; 

F'HI2  =  lo{ 

RW  -  hi; 
ftDENftBLE  =  lo; 
DBENABLE  =  lo; 

lABus  =  pc; 

next; 

PHll  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  a  I ABUS ; 

FCMOHE  =  srmohe; 

FCSPACE  *  2; 
next; 

ABUS  =  exahuf; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  0 
*  Memory  Read 

!  I'lsable  Address  Bus  Buffer 
!  Disable  Date  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 

!  Phase  2  Of 
!  Clock  Cycle  0 
<  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Program 
!  Execute  Impending  Assignments 
!  Address  Placed  On  BusCAdded) 

!  Execute  Pending  Assignments 


/t*%%wt*l~*%t%t*t**%t******%**********t**tti*****$*ri.$ii.li:tit%$tit**tti**/ 
T  =  1;  ‘  Clock  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASM  =  lo; 

LDSN  s  lo; 

UDSN  =  lo; 
DBENABLE  =  hi; 
next; 

PHll  =  lo; 

PHI2  =  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Bata  Strobe 
*  Assert  Upper  Bata  Strobe 
!  Enable  Data  Bus 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  1 
!  Execute  Pending  Assignments 


/'^ttttt$f:*****t*$$****$ttl[$tiitt****t*******t%1^*t*t*t*lHt9*t*tt$t*t/ 

T  =  2;  !  Clock  Cycle  2 

next;  !  Execute  Assignment 


PHll  =  hi; 

PH12  =  lo; 
while  IiTACKN  eql  hi 
( 

next; 

PHIl  =  lo; 
PH12  =  hi; 
next; 


>  Phase  1 

!  Of  ClocK  Cycle  2 
!  Uait  For  Mestory  To  Place 
!  Data  On  The  bus 
!  Execute  loipending  Assignitents 

!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  Assigniients 


T  =  3;  »  Clock  Cycle  3 

next;  !  Execute  Assigncient 


PHIl  =  hi; 

PHI2  =  lo; 

HBUS<15:8>  =  HCAbUSi; 
DBUS<7:0>  =  ME ABUS  +13; 
DTACKH  =  lo; 
next; 


>  Phase  1 

!  Of  ClocK  Cycle  3 
!  Heotory  Places  Instruction 
!  On  Data  bus  And 
!  Asserts  OTACKNCAdded ) 

!  Execute  Pending  Assignaients 


T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

); 

next;  !  Execute  iMpending  Assignuents 

T  =  3;  »  ClocK  Cycle  3 

next;  !  Execute  Assignment 


PHll  *  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Doto  Bus 
!  Is  Ploced  In  Externol  Dota 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/$]|^$tt************1littt%**tt%**t%**tt*t%'l^*%**t%%%*tt*%**tt%**1^1i■**t%/ 
T  =  4;  !  Clock  Cycle  4 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 

PFR  =  EXDBUF ; 


next; 

PHIl  =  lo; 
PHI2  =  hi; 
ASH  -  hi; 
LDSN  =  hi; 


■  Phose  1 

!  Of  Clock  Cycle  4 
!  The  Contents  Of  The  External 
!  Dota  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  4 
!  Deactivote  Address  Strobe 
!  Deoctivate  Lower  Data  Strobe 


UDSN  =  hi? 

iR  =  pfr; 


[iTrtCKN  =  hi; 
PC  =  PC  +  4; 

next; 

T  =  0 
) 


■  Deactivate  Upper  Data  Strobe 
!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 
•  Register 

!  Deoctivote  Data  Transfer(Adcled ) 
!  Acknowledge 

!  Increnent  Prograiit  Counter 
!  Execute  Pending  Assignaents 
!  Reset  Clock  Cycle  Counter 


andi  *  = 

( 

SRrtODE  =  lo; 

IR<15r8>  =  MCPCi; 
iR<7:o>  =  MCPC  +  I'j; 
next; 

PC  =  PC  +  2; 

T  =  5; 
next; 

1  =  0 
) 


!  AMD»U  ♦iDFFF,SR 

!  Effect  Of  Instruction 
!  Prefetch  Next  Instruction 

!  Is  To  Set  Status  Register 
!  Increoient  ProgroBi  Counter 
!  Supervisor  Bit  To  User 
!  Node 

!  Requires  6  Clock  Cycles 


Biove  5  = 
( 


!  MOUE.W  4(Al),Iil  CB(Al)»Ii23 


/$t**$****iH****ifiU***$t***$*****$**************tt*$*i:**$*illi*******t/ 


PHil  =  hi; 

PHI2  =  lo; 

DBUS  =  Oxffff; 
RU  =  hi; 
ADENABLE  =  lo; 
DBENABLE  =  lo; 
I ABUS  =  PC; 


next; 


!  Phase  1  Of 
!  Clock  Cycle  0 

!  Place  Doto  Bus  In  High  loipedonce 
!  Neaiory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
>  Bus 

!  Execute  Pending  Assigneents 


pHii  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
£;<ABUF  =  I  ABUS ; 

FChODE  =  srnode; 
FCSPACE  =  2; 

ABUS  =  I ABUS ; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Node 
!  Accessing  Prog ran 
!  Address  Placed  On  Bus 
!  Execute  Iiipending  Assigneents 


/U*]ft****$$*r*****%****tf:*$$t*t***9:****************$**$t***$$*$**/ 

T  =  1;  !  Clock  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi 


!  Phase  1  Of 


PHI2  =  10} 

ASN  =  lo; 

LDSN  =  lo; 

UIiSN  =  lo; 
DBENAULE  =  hi; 
next; 


ClocK  Cycle  1 

Assert  Address  Strobe 

Assert  Lower  bo to  Strobe 

Assert  Upper  Uoto  Strobe 

Enoble  Do to  Bus 

Execute  Pending  Assignments 


PHIl  =  lo; 
PHI 2  =  hi; 
next; 


!  Phcse  2 

•  Of  Clock  Cycle  1 
!  Execute  Pending  Assignments 


T  =  2;  !  Clock  Cycle  2  . 


next; 


Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
< 

next; 


Phase  1 

Of  Clock  Cycle  2 

Uoit  For  Memory  To  Ploce 

Dote  On  The  Bus 

Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  Assignments 


/t*t*t$*K*$i^*ii************t**$******$*t**t*iii$$**t$*******$**/ 

T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

DBUSaS'.B)  =  MCABUSi; 
DBUS<7;0>  =  MCABUS  +  ii; 
DTACKN  =  lo; 
next; 


I 


Phase  1 

Of  Clock  Cycle  3 
Memory  Places  Instruction 
On  Data  Bus  And 
Asserts  DTACKN (Added) 
Execute  Pending  Assignments 


T  =  2  J  Fieturn  To  Phase  2 

‘  Of  Clock  Cycle  2 


); 


next; 


!  Execute  impending  Assignments 


/$ti$$$$$$if$t$*$*r***$$*****9*******$***$****t**¥**********f*******/ 


T  =  3; 

!  Clock  Cycle  3 

next; 

Execute  Assignment 

PHIl  = 

lo; 

!  Phase  2 

PHI  2  = 

hi; 

!  Of  Clock  Cycle  3 

EXDDUF 

=  DBuy; 

!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Dato 

1  Bus  Buffer 

next; 

!  Execute  Pending  Assignments 

T  =  4;  !  ClocK  Cycle  4 

next!  !  Execute  Assi^niient 


PHIl  =  hi; 

PHI2  =  lo; 

DISREG  =  EXr.bUF  sxt  32! 
next; 


!  Phase  1 

!  Df  Clock  Cycle  4 
!  Store  bisplaceibent 
!  Execute  Pending  Assignoients 


PHIl  =  lo; 
PHI2  =  hi; 
rtSN  =  hi; 
LDSN  =  ni; 
UDSN  =  hi; 


PC  =  PC  +  2; 

LUGREG  =  DISREG  +  ACli; 
DTACKN  =  hi; 


!  Pnase  2 

!  Of  Clock  Cycle  4 
‘  Deactluoie  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Are  Placed  Into  Instruction 
!  Register 

!  Increaent  Prograii  Counter 
!  Add  Address  Register  To  Disploceibent 
!  Deactivate  Data  Transfer (Added) 

!  Acknowledge 


next; 


T  =  5; 
next; 

PHIl  =  hi; 

PHI2  s  lo; 

RW  =  hi; 

ADENABLE  =  lo; 
DBUS  =  Oxffff; 

DBENABLE  =  lo; 
lABUS  =  PC; 

next; 

PHIl  =  lo; 

PH12  =  hi; 
ADENABLE  =  hi; 
FCMODE  =  SHMODE; 
FCSPACE  =  2; 
EXABUF  =  I ABUS ; 
ABUS  »  I ABUS ; 
next; 


Clock  Cycle  5 

Execute  Previous  Assignaent 

Phase  1  Of 
Clock  Cycle  5 
Heiiory  Read 

Disable  Address  Bus  Buffer 
Date  Bus  Returned  To  High 
iBipedance  State 
Disable  Data  Bus  Buffer 
Place  PC  On  Internal  Address 
Bus 

Execute  Pending  Assignaents 

Phase  2  Of 

Clock  Cycle  5 

Enable  Address  bus  Buffer 

User  Hode 

Accessing  Doto 

Gate  Internal  Address  Bus 

Ploce  Address  On  Bus 

Into  External  Address  Buffer 


T  -  6;  !  Clock  Cycle  6 

next;  f  Execute  Assignaent 


PHIl  =  hi; 
PHI2  =  lo; 
UDSN  =  lo; 


!  Phase  1  Of 
!  ClocK  Cycle  6 
!  Activate  Upper  And 


'O 


LDSN  =  lo; 

ASN  =  lo; 

DUENABLE  =  hij 
next; 

FHIl  =  Ic; 

PriI2  =  hi; 
next; 

T  =  7; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 
while  DTftCKN  eql  hi 
< 

next; 

PHIl  =  lo; 
PH12  =  hi; 
next; 


!  Lower  Doto  Strobes 
\  ftssert  Address  Strobe 
!  Enable  Data  Bus 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  6 
!  Execute  Pending  Assignments 

It  It 

!  Clock  Cycle  7 
!  Execute  Assignment 

!  Phase  1  Of 
!  Clock  Cycle  7 
!  Wait  For  ttemory  To  Piece 
!  Data  On  The  Bus 
!  Execute  Impending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  7 
!  Execute  Assignments 


/imt,it:il.t*if*%.4*$*t(^*.**ii*t*ni**t*$**t*tt$*$*t*tt*t*******tt*$t/ 

T  =  s;  !  Clock  Cycle  B 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

DBUsastO'  =  acabuct; 

DBUS<7JC>  =  rtCABUS  +  li; 
dtackn  =  lo; 

next; 


!  Phase  1 

!  Of  Clock  Cycle  8 
!  hemory  Places  Instruction 
!  On  Da  to  Bus  And 
!  Asserts  DTACKN(Added) 

!  Execute  Pending  Assignments 


/ttillitt***il^****%**riif^t*)ti9:%}^$}($t1i$t$t*%}t.*tt***t*t^***fk*******t**/ 

T  =  7  !  Return  To  Phase  2 

!  Of  Clock  Cycle  7 

); 

next;  !  Execute  Impending  Assignments 


/^t*****%%***********%1f.%if,%7f.tf.tit.*itr^1f*t*ttt**1ll.*t%t*$**%**tt*ttt*$*tt/ 


T  =  o; 
next; 


Clock  Cycle  8 
Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUS; 


next; 


!  Phose  2 

!  Of  Clock  Cycle  8 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  9;  !  Clock  Cycle  9 


next; 


!  Execute  /^ssigniient 


PHIl  =  hi; 
PH12  =  lo; 

F-FFi  ^  exubuf; 


next; 


!  Phose  1 

!  Of  Clock  Cycle  9 
!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignnients 


PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LBSN  =  hi; 
UDSN  =  hi; 

PC  =  PC  +  2; 

IiTACKN  =  hi; 


next; 


!  Phase  2 

*  Of  Clock  Cycle  9 
!  Deactivate  Address  Strobe 
!  Deactivate  Louer  Data  Strobe 
!  Deactivate  Upper  Dota  Strobe 
!  Increiiient  PC 

!  Deactivate  Data  Transfer (Added ) 
!  Acknowledge 

!  Execute  Pending  Assignments 


/$t:i^^^i*lii$ti$t:($$l(I|^*l|i'tit*******t**$t***t^:ty^t*t*t*****t***t***$t^^**t***/ 


T  =  10; 
next; 


Clock  Cycle  10 

Execute  Previous  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
ftW  =  hi; 
ADENABLE  =  lo; 
DBUS  =  Oxffff; 

DBENABLE  =  lo; 

lABus  =  disreb; 


next; 


!  Phase  1  Of 
!  Clock  Cycle  10 
j  Hemory  Read 

!  Disable  Address  Bus  Buffer 
!  Data  Bus  Returned  To  High 
!  Impedance  State 
Disable  Data  Bus  Buffer 
!  Place  DISREBtn  On  Internal 
*  Address  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
FCMODE  =  SRMODE; 
FCSPACE  =  1; 
EXABUF  =  I ABUS ; 
ABUS  =  I ABUS ; 
SRCAHRY  =  0; 
SftOUER  =  0; 
SftZERO  =  0; 

SRNEG  =  0; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  10 
!  Enable  Address  Bus  Buffer 
!  User  Mode 
?  Accessing  Doto 
!  Gate  Internal  Address  Bus 
!  Place  Address  On  Bus 
!  Initialize  Status  Register 
!  Condition  Bits 


!  Into  External  Address  Buffer 


/$t*1:$r$$)fl$t*$*****¥***********$**^i$'4**$ti$*9*****t.***$****ti*****$t/ 

T  =  11;  !  Clock  Cycle  11 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 


!  Phase  1  Of 
!  Clock  Cycle  11 


uitSN  =  lo; 
lusn  =  lo; 

ASN  =  lo; 
DBENABLE  =  hi; 
next; 


!  Activate  Upper  And 
!  Lower  Date  Strobes 
!  Assert  Address  Strobe 
!  Enoble  Data  Bus 
!  Execute  Pending  Assigniuents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  ll 
!  Execute  Pending  Assignuents 


T  =  12; 
next; 


!  Clock  Cycle  12 
!  Execute  Assignsient 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
< 

next; 


!  Phase  1  Of 
!  Clock  Cycle  12 
!  Wait  For  Meaory  To  Place 
!  Data  On  The  Bus 
!  Execute  lupending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  12 
!  Execute  Assignsients 


/$tt%**t*t%t*tttt*'ll.*t****tt*Kit*t***tt%*****t**1li**tt*%t*t*t%t/ 
T  =  13;  !  ClocK  Cycle  13 

next;  !  Execute  Assignment 


PHIl  =  r.i; 

PH12  =  lo; 

IiBUS<15;8>  =  rtCABUSi; 
DBUS<7;0>  =  MCABUS  +  ii; 
DTACKN  =  lo; 
next; 


!  Phase  1 

!  Of  ClocK  Cycle  13 
!  ttemory  Places  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKN (Added) 

!  Execute  Pending  Assignments 


T  =  12  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  12 

); 

next;  !  Execute  iDipending  Assignments 


/%:ti.>^t***^**%m*‘**$******n***************^************'l(%**Tt:*****t**%/ 
T  =  13;  !  ClocK  Cycle  13 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUS; 


next; 


•  Phase  2 

!  Of  Clock  Cycle  13 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/%tifiil.%1i:%rf.ili%%tt******%*t*****1i-*%***t%i^t*%tili*%t*t******t****tt*ttK**/ 


0-190 


T  =  m; 
next; 


!  Clock  Cycle  14 
i  Execute  ftssignaent 


PHIl  =  hi; 

PHIl'  =  lo; 

iiibus  =  exdbuf; 
if  EXlibiiF  eql  0 
SRZEftO  =  hi; 
if  EXIiHLiF<15> 
SRNEG  =  hi; 
next; 

PHIl  =  lo; 

PHIl’  =  m; 
if  IR  eql  0x3229 
DC  13  =  IDBUS 
else 

[iL23  =  iimus; 

ASN  =  hi; 

LDSN  =  hi; 
unsN  =  hi; 

[iTaCKN  =  hi; 

IF;  =  PFR; 
next; 

T  =  0 
) 


< 


Phase  1 

!  Of  Clock  Cycle  14 

>  Set  Condition  Code  Bits 
!  As  Appropriate 


!  Execute  Pending  Assigniuents 
!  Phase  2 

!  Of  Clock  Cycle  14 
!  Place  Value  In  Either 
!  nil 3  Or  D:23 
!  Depending  On  Instruction 

!  Deactivate  Address  Strobe 
*  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Deactivate  Dato  Transfer(Added ) 
!  Acknowledge 

!  Execute  Pending  Assignuents 


!  JMP  (AO) 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS  =  Oxffff; 
RW  =  hi; 
ADENABLE  =  lo; 
UBENABLE  =  lo; 
lABUS  =  Pc; 


next; 


!  Phase  1  Of 
\  Clock  Cycle  0 

!  Place  Dote  Bus  In  A  High  Impedance 
!  Memory  Read 

!  Disoble  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  I ABUS ; 

FCMODE  =  SRrtODE; 
FCSPACE  =  2; 
next; 

ABUS  =  EXABUF; 


!  Phose  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Cote  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Program 
!  Execute  Pending  Assignments 
!  Address  Placed  On  Bus( Added) 


next; 


!  Execute  Pending  i^ssignaents 


T  =  i;  !  ClocK  Cycle  1 

next;  I  Execute  ^ssignaient 


PHIl  =  hi; 

PHI2  =  Ic; 

ASN  =  lo; 

LUSN  =  lo; 
uusN  =  lo; 

I  ABUS  =  AEOi; 

DBENABLE  =  hi; 
next; 

PHIl  =  lo; 

PHI2  =  hi; 

PC  =  I ABUS ; 

next; 


!  Phase  1  Of 
!  ClocK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
!  hove  Juiup  Address  Frogi  AC03 
!  To  Internal  Address  Buffer 
!  Enable  Data  Bus 
!  Execute  Pending  Assignaents 

!  Phase  2 

!  Of  ClocK  Cycle  1 
!  Place  JuDip  Address  Into  Program 
!  Counter 


T  =  2;  !  ClocK  Cycle  2 

next;  !  Execute  Assignsient 


next; 

PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
< 

next; 


!  Phase  1 

!  Of  ClocK  Cycle  2 
!  Wait  For  Heaory  To  Ploce 
!  Data  On  The  Bus 
!  Execute  lapending  Assignaents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  2 
!  Execute  Assignaents 


T  =  3;  !  ClocK  Cycle  3 

next;  !  Execute  Assignaent 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS<15:8>  =  MCABUS3; 
DBUS<7;0.>  =  MtABUS  f  13; 
UTACKN  =  lo; 
next; 


!  Phase  1 

!  Of  ClocK  Cycle  3 
!  heaory  Places  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKNC Added) 

!  Execute  Pending  Assignaents 


/t**$*f^*tt***$$**$$$^*$$t*i$$***t**tiHli$*4m:*$ni$*t$t*$**t*$***/ 

T  =  2  !  Return  To  Phose  2 

!  Of  ClocK  Cycle  2 


next; 


>  Execute  lapending  Assignaents 
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/tt*tt**tt**^^*%*^|.tt'4t%t■t*tt*%%***%tX%****t**%*9it********t*'l^t*t***t/ 

T  =  3; 

!  Clock  Cycle  3 

ne;;tr 

!  Execute  Assignnient 

PHIl  -  lo*, 

!  Phase  2 

?H12  =  hi; 

!  Of  Clock  Cycle  3 

EXIiBUF  =  IibUC; 

!  Instruction  On  Bata  Bus 

next; 

!  Is  Placed  In  External  Boto 
!  Bus  Buffer 

!  Execute  Pending  Assignikents 

T  =  4; 

!  Clock  Cycle  4 

next; 

!  Execute  Assigniient 

PHIl  =  hi; 

!  Phase  1 

PHI2  =  lo; 

!  Of  Clock  Cycle  4 

next; 

PFR  =  exdbuf; 

!  The  Contents  Of  The  External 

next; 

!  Beta  Bus  Buffer  Are  Placed 
•  In  Prefetch  Register 
!  Execute  Pending  Assign»ents 

PHIl  =  lo; 

!  Phase  2 

PHI2  =  hi; 

!  Of  Clock  Cycle  4 

ASN  =  hi; 

!  Beactivate  Address  Strobe 

LUSN  =  hi; 

!  Beactivate  Lower  Beta  Strobe 

UHSN  =  hi; 

!  Beoctivate  Upper  Bata  Strobe 

UTACKN  =  hi; 

!  Beactivate  Bota  Transfer 

!  AcKriowledge( Added) 

next; 

T  —  c  ♦ 

1  - 

!  Clock  Cycle  5 

next; 

!  Execute  Previous  Assignment 

PHIl  =  hi; 

!  Phase  1  Of 

PHI2  =  lo; 

!  Clock  Cycle  5 

RW  =  hi; 

Hemcry  Read 

ADENAbLE  =  lo; 

!  Bisable  Address  Bus  Buffer 

HbENABLE  =  lo; 

!  Bisable  Bata  Bus  Buffer 

lABUS  =  Pc; 

!  Place  PC  On  Internal  Address 

next; 

!  Bus 

!  Execute  Pending  Assignments 

PHIl  =  lo; 

!  Phase  2  Of 

PHI2  =  hi; 

!  Clock  Cycle  5 

ADENABLE  =  hi; 

!  Enable  Address  Bus  Buffer 

FCHODE  =  SRMOBE; 

!  User  Mode 

FCSPACE  =  2; 

!  Accessing  Program 

EXABUF  -  lABUS; 

!  Gate  Internal  Address  Bus 

next; 

!  Into  External  Address  Buffer 

ABUS  =  EXABUF; 

!  Address  Placed  On  Bus(Added) 

next; 

!  Execute  Pending  Assignments 

7  =  6} 
next; 


!  ClocK  Cycle  6 
!  Execute  Assignhent 


PHIl  =  hi; 

PHI2  =  lo; 
i^SN  =  lo; 

LUSN  =  lo; 

UDSN  =  lo; 
IiBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  6 
!  Assert  Address  Strobe 
!  Assert  Lower  Oota  Strobe 
!  Assert  Upper  bate  Strobe 
!  Enable  Data  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phose  2 

!  Of  Clock  Cycle  6 
!  Execute  Pending  Assignments 


T  =  7; 
next; 


ClocK  Cycle  7 
Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  iri 
< 

next; 


!  Phase  1 

!  Of  ClocK  Cycle  7 
!  Wait  For  Memory  To  Place 
•  Data  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  7 
Execute  Assignments 


7  =  8} 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

DBUS<15;8>  =  MCABUSi; 
IiBUS<7;0>  =  MCABUS  +13; 
DTACKN  =  lo; 
next; 


>  ClocK  Cycle  8 
!  Execute  Assignment 

!  Phose  1 

!  Of  ClocK  Cycle  8 
!  Memory  Places  Instruction 
!  On  Bata  Bus  And  * 

!  Asserts  DTACKN (Added) 

!  Execute  Pending  Assignments 


/***t**^%*$***}f********%9***%t**ii.%%*%******'ti*****tttt***tttt/ 

7=7  !  Return  To  Phase  2 

•  Of  Clock  Cycle  7 

); 

next;  !  Execute  Impending  Assignments 


T  =  8;  *  ClocK  Cycle  8 

next;  !  Execute  Assignment 


1  =  lo; 


PHI 


!  phase  2 


L»»--AW-^W  *V  ^  aW  * 


pHr2  =  hi; 
EXDBUF  =  [IBUS; 


next; 


!  Of  Clock  Cycle  8 
!  Instruction  On  Dota  bus 
!  Is  Placed  In  External  Data 
f  Bus  Duffer 

!  Execute  Pending  Assignihents 


T  =  9; 
next; 

PHIl  =  hi; 
PHI2  =  lo; 

pFft  =  exdduf; 


next; 

PHIl  =  lo; 
PH12  =  hi; 
hSH  =  hi; 
LUSH  =  hi; 
UDSN  =  hi; 

PC  =  PC  +  2; 
IP  =  pfr; 


DTftCKN  = 

next; 

T  0 

> 


decode_execute_p refetch  ;= 


Clock  Cycle  9 
Execute  Hssigntient 

Phase  1 

Of  Clock  Cycle  9 
The  Contents  Of  The  External 
Data  Bus  Buffer  fire  Placed 
In  Prefetch  Register 
Execute  Pending  Assignments 

Phase  2 

Of  Clock  Cycle  9 
Deactivate  Address  Strobe 
Deactivate  Lower  Data  Strobe 
Deactivate  Upper  Data  Strobe 
Increment  Program  Counter 
Place  Contents  Of  Prefetch 
Register  Into  Instruction 
Register 

Deactivate  Doto  Transfer 
Acknowledge ( Added ) 

Execute  Pending  Assignments 
Reset  Clock  Cycle  Counter 


case  IR 

0x3229,0x3429:  move  !  MOOE.U  4(A1>,D1  C6(Al>,Ii23 

0x027c:  andi  !  ANIuW  ♦»DFFF,SR 

047320:  jap  »  JMP  <A0)  If  IR  =  Octal  Value 


main  := 

( 

power_on_initxalize; 
fetch  initial  instruction; 
while‘READY  egl  hi 
( 

decode  execute  prefetch 
) 
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/tt**t%%%*%%%**%t%t*%*%%**tt***%%ttt*%t%tt*%t***%**1litt*%*tt**%*t***%*t*t/ 
/*  %/ 

/%  MOTOROLA  MC6S000  MOHEL  OF  THE  MOVE.U  04< A1  ,Ii7) ,Ii2  INSTRUCTION  »/ 
/*  %/ 

/%  %/ 

/X  structure  D&clarctions  %/ 

/*  %/ 

/xxxxxxxxxtxxxx%xx%xx%xxxxtx%x%xx%xx%xxxxxxxt%xtxxt%t%t%%xtt.%x%%x%%tx%tt/ 

stote 

/XtXXX%XtXX*XXXXt%XX*%XXXX%X%X1A.%X%%X%%XX%%%tXX%%tt%%%X%%X%%X%tXt%%%%%%%/ 
/X  %/ 

/%  M6&000  Prograiiuiing  Registers  %/ 

/X  %■/ 

/xxxx%%x%%x%x%%%%xx%%tx%xxtxxx%%x%%%%%xx.%%x%%x%%xx%%xxx%%x%%xx%%%%t%t%%%/ 


IiC0:7D<31t0>, 

AC0:63<31*.0>, 

UA7<3i:0>, 

SA7<3i:0>, 

pc<3i:o>, 

SR<15:0>, 


!  8  Data  Registers 
!  7  Address  Registers 
!  User  StocK  Pointer 
!  Systeni  StacK  Pointer 
!  Progra*  Counter 
!  Status  Register 


/xx%x%%%%x%xx:x%%%vx%xxxxxx%%xxx%%%%%%%%\%%xx%%%%%%t%x%%%%%x%t%%%%%%t%%%%/ 

/X  »/ 

/X  Tenporary  Internal  Registers  »/ 

/X  %/ 

/xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxtx/ 


PFR'15:0>, 

IR<15:0>, 

FC<2:0>, 

EXDBUF<15;0>, 

EXADUF<23;i>, 

ALUBUFl<3i;0>, 

ALUDUF2<3i;0.>, 

DTEMP<15;0>, 

IiISRE6<3i:0>, 

SRTEMP‘:i5:0>, 

IRTEMP<15:C>, 

TEMPADR<3i:0>, 

ACTYPE<15;0>, 

V£CADR<23;0>, 


Prefetch  Register 

Instruction  Register 

Function  Code  Register 

External  Dote  Bus  Buffer  Register 

External  Address  Bus  Buffer  Register (chonged) 

ALU  Buffer  1 

ALU  Buffer  2 

Teeporory  Bate  Storoge 

Temporary  lusplocement  Storoge 

Temporory  Status  Register  Storage 

(Exception  Processing) 

Temporary  Instruction  Register  Storage 
(Exception  Processing) 

Temporary  Cycle  Address  Storage 
(Exception  Processing) 

Temporary  Access  Type  Storoge 
(Exception  Processing) 

Temporary  Vector  Address  Storoge 
(Exception  Processing) 


IF 


HnNADR<3i:0>, 


T<7;0>, 
HESET , 
HALT, 

RU, 

ADENABLEf 

l•BE^4ABLEF 

ASNf 

LUSH, 

UBSH, 

DTACKN, 

COUT, 

EXCEPT, 

READY, 


!  Temporary  Address  Storoge  For 
!  Exception  Handler  Routine 
!  ClocK  Cycle  Counter 
!  Reset  Flip-Flop 
!  Holt  Flip-Flop 
!  Read/Write  Flip-Flop 
!  Address  Bus  Buffer  Enable 
!  Data  Bus  Buffer  Enable 
!  Address  Strobe  Flip-Flop 
!  Lower  Data  Strobe  Flip-Flop 
!  Upper  Data  Strooe  Flip-Flop 
!  Data  Transfer  Acknowledge  Flip-Flop 
!  Carry  Flip-Flop 
!  Exception  Processing  Flip-Flop 
!  Ready  Flip-Flop 


/%  »/ 

/*  Hodel  transfof'Btation  modif icationst  ¥/ 

/t  %/ 

/%  1)  CDL  decoder  structure  nonexistent  in  ISP'  and  un-  %/ 

/%  necessary  for  iiodel.  Elieinated,  %/ 

/t  2)  Hulti-phase  clock  structure  nonexistent  in  ISP' ,  %/ 

/%  Operations  on  registers  will  provide  its  equivalent,  t/ 

/%  3)  Switch  structure  nonexistent  in  ISP' .  Operation  on  a  »/ 

/%  register  will  provide  its  equivalent,  t/ 

/%  A)  The  declared  bus  structures  ore  itodeled  with  registers  »/ 

/>  without  loss  of  ikodel  accurrocy.  This  done  to  nointain  nodel  1/ 

/t  equivalency  and  simplicity,  */ 

/%  5)  The  ikemory  word  length  wos  reduced  from  16  to  8  bit  %/ 

/%  words  to  coincide  with  the  ECB's  32-Kbyte  meiiory,  to  agree  with¥/ 

/%  their  PC  incrementation,  and  to  enable  the  use  of  existing  X/ 

/%  HC6B000  assembler  and  linker/loader  models.  The  memory  was  %/ 

/%  also  reduced  fron  8  Hwords  to  32  Kbytes,  %/ 

/%  %/ 


/%%x%%%xx%txx%xxxxx%xxx%txx%xx%xxx%xx%txxxxxxxxxx%xxxxxxxtx%xx%x%*xxx%x%/ 

IABUS<3i;0>, 

IDBUS<3i:0>, 
twoit<4;0>, 

SWITCH, 

PHIl, 

PhI2; 


!  Internal  Address  Bus 
!  Internal  Data  Bus 
!  Wait  State  Counter 
Power  Switch 

Phase  1  Of  Two-Phase  Clock 
Phase  2  Of  Two-F'hase  ClocK 


port 


/%  %/ 

/%  External  Address  and  Dota  Bus  >/ 

/*  %/ 

/%%i;.%tXX%%%XXXX%%%X%%X%tXX%%X%X%%t%X%%%%%%%XXX%X%%%X%%%%X%%%%%%%%%X%%%%%/ 


DBUS<i5:0>, 


!  Externol  Doto  Bus 


C-197 


ftlius<23;i>‘, 


!  External  Address  BusCchanged ) 


foreat 


/*  t/ 

/%  Register  Subfields  »/ 

/»  %/ 


PCABDR 

= 

PC<23:0>,  ! 

BRTRACE 

= 

SR<15>,  ! 

SRHODE 

SR<13>,  ! 

SRCARRY 

= 

SR<0> ,  ! 

SROVER 

SR<1>,  ! 

SRZERO 

= 

SR<2>,  ! 

SRNEG 

= 

SR<3>,  ! 

SREX 

SR<4>,  ! 

SRNASK 

SRao:s>,  ! 

FCSPACE 

= 

FC<i:0>,  ! 

FCMODE 

FC<2>,  ! 

PCLOU 

= 

PC<15‘.0>,  ! 

PCHI 

= 

PC<3i:i6>,  ! 

BOLUORD 

= 

BC0]<15:0>,  ! 

BILUORB 

BCl]<15:0>,  ! 

B2LU0RB 

= 

DC2]<15;0>,  ! 

B3LU0RB 

s 

BC3]<15:0>,  ! 

B4LU0RB 

s 

BC4]<1S;0>,  ! 

DSLUORB 

= 

BC5]<15:0>,  ! 

B6LU0RD 

s 

BC6]<;i5:0.>,  ! 

B7LU0RD 

s 

BC7]<1550>,  ! 

BISREGKUORB 

s 

BISREGC3i:i6>, ! 

BISREGLUORB 

s 

DISREG<15;0>,  ! 

HANABRLOU 

= 

HANABR<15*.0>,  ! 

HANABRHI 

HANADR<3i:i6>, ! 

TENPADRLOU 

TEMPADR<1550>, ! 

TENPABRHI 

= 

TEMPABR<3i:i6>; 

Program  Counter  Address  Field 
Trace  Bit 

hode  Selection  Bit 
Corry  Bit 
Overflow  Bit 
Zero  Bit 
Negative  Bit 
Extend  Bit 
Interrupt  HosK 
Heikory  Access  Address  Spoce 
User/Supervisor  Node  Bit 
PC  Lou  Uord 
PC  High  Uord 
BIO]  Low  Uord 
DCn  Low  Uord 
liC2]  Low  Uord 
DC 3]  Low  Uord 
BC4II  Lou  Uord 
DCS]  Low  Uord 
BL6]  Low  Uord 
DC 7]  Low  Uord 
DISREG  High  Uord 
DISREG  Low  Uord 
HANADR  Low  Uord 
HANADR  High  Uord 
TEHPADR  Low  Uord 
!  TEMPADR  High  Uord 


ftenory 

/*  t/ 

/%  16K  16-Bit  Uord  Internal  Neiiory  %f 

/%  %/ 

ttC0:32767]<7;0>; 


Diocro 


/»  %/ 


/* 


*/ 


Logic  Level  Hocros 


lo  s  0  t, 

hi  »  1  t, 

off  =  0  S, 

on  =  1 

clear  -  0 


/%  %/ 

/%  Power  On  and  Initialization «  This  process  was  not  modeled  but  is  %/ 
/%  added  to  initialize  signals  and  registers*  %/ 

/%  %/ 


pouer_on_initiali2e  ;= 

<' 

SWITCH  =  on; 
next; 

READY  =  lo; 

RESET  =  lo; 
delaydOO) ; 

RESET  =  hi; 
next; 

ASN  =  hi; 

LDSN  =  hi; 

UDSN  =  hi; 

DTACKN  =  hi; 

RW  -  hi; 

DBUS  =  Oxffff; 
HCOxlOOeT  =  Oxff; 
MCOxlOOfT  =  Oxff; 
HALT  =  hi; 


!  Turn  Power  On 
!  Execute  Assignment  . 

!  System  Hot  Ready 

!  Assert  Reset  For 

!  100  Miliseconds(Active  Low) 

!  Deoctivate  Reset 
!  Execute  Pending  Assignments 
Initialize  Address  Strobe 
!  Initialize  Lower  Data  Strobe 

!  Initialize  Upper  Data  Strobe 

!  Initialize  Data  Transfer  Acknowledge 
!  Initialize  Read/Write(Read  On  High) 

!  Place  Data  Dus  In  High  Impedance  State 
!  Place  Memory  Locations  Following  The 
!  JMP  Instruction  In  A  High  State 
!  Initiolize  Halt  Flip-Flop (Active 
!  Low) 


T  =  O;  !  Initialize  Clock  Cycle  Counter 

READY  =  hi;  !  System  Ready 

/»  »/ 

/%  Routine  Initialization  Per  Hamby  and  Guillory  %/ 

/%  %/ 

DC71  =  0x00000006;  !  Place  6  Into  DC71 

ACOl  =  0x1004;  !  Place  Hex  1004  Into  ACOD 

AC13  -  0x2000;  !  Store  Dota  At  This  Address 

HC0x200al  -  OxSS;  <  Date  To  Be  Moved 

MC0x200bl  -  OxSS; 


PC  =  0x1 000 ; 
next 
) 


!  Place  Hex  1000  Into  Progrom  Counter 
!  Execute  Assignments 


/*  Initial  Fetch  Cycle.  This  cycle  was  not  modeled  but  is  necessary  »/ 
/%  to  retrieve  modeled  instructions  for  simulation  and  analysis.  It  X/ 
/%  was  fashsioned  from  the  Read  Cycle  described  by  Hamby  ahd  Guillory  t/ 
/X  on  page  VI-15  of  their  thesis.  X/ 
/%  %/ 


/%txx%xxxxxxxx%xxx%xtxxxxxxxxxxxxxxtxx%%xxxxtxxxxxxxxx%xx%xxxxxxxx%xx%xx/ 

fetch_initial_instruction  J= 

( 

/%%'iii.%%X%%%%XXX%XX%XXX%%%X%XX%XX%X%-XXXX%%X%XX%X%%XX%X%XXtt%XXXtXX%%/ 


PHIl  =  hi! 

PHI2  =  lo! 

RU  =  hi! 
AHENABLE  =  lo! 
UBENABLE  =  lo! 
I ABUS  =  PC! 

next! 


!  Phase  1  Of 
!  ClocK  Cycle  0 
!  Memory  Read 

!  Bisable  Address  Bus  Buffer 
!  Bisable  Bato  Bus  Buffer 
*  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo! 

PHI2  =  hi! 
ADENABLE  =  hi! 
EXABUF  =  I ABUS! 

FCrtOKE  =  SRMODE! 
FCSPACE  =  2! 
next! 

ABUS  =  EXABUF! 
next! 


!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internol  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Program 
!  Execute  Impending  Assignments 
!  Address  Placed  On  Bus(Added) 

!  Execute  Pending  Assignments 


T  =  1! 
next! 


Clock  Cycle  1 
Execute  Assignment 


PHIl  =  hi! 

PHI2  =  lo! 

ASN  =  lo! 

LBSN  =  lo! 

UBSN  =  lo! 
UBENABLE  =  hi! 
next! 


!  Phase  1  Of 
!  Clock  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enable  Do to  Bus 
Execute  Pending  Assignments 


PHIl  =  lo! 
PHI2  =  hi! 
next! 


!  Phase  2 

!  Of  Clock  Cycle  1 
!  Execute  Pending  Assignments 


T  =  2!  !  Clock  Cycle  2 

next!  !  Execute  Assignment 


PHIl  =  hi 


i  Phase  1 


fHI2  =  loj 
Mhile  IiTACKN  eql  hi 
( 

next; 


!  Of  ClocK  Cycle  2 
!  Wait  For  heaory  To  Place 
!  Data  On  The  Bus 
!  Execute  liipending  Assignbents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phose  2 

‘  Of  Clock  Cycle  2 
!  Execute  /Assignments 


T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  ftssignment 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS<15:8>  =  rtCrtBUSl; 
DBUS<7:0>  =  HCABUS  4  13; 
DTACKN  =  lo; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  3 
!  Hemory  Places  Instruction 
!  On  Data  Bus  And 
!  Asserts  BTACKN(Added ) 

!  Execute  Pending  Assignments 


/%t*%t%t*tll.t*%trn^tttt*1l.*ttt**t*t**t*t****t*t*****tttt*ttt**%/ 
T  =  2  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  2 


next; 


!  Execute  Impending  Assignments 


/t%%tt*tt*%t%%*****it**%**t^*.i^*%*t***tt****.$*$**'l.*tt*****t***tt$tttt/ 
T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 


PHIl  s  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUS; 


next; 


!  Phose  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Doto 
!  Bus  Buffer 

Execute  Pending  Assignments 


/n4i»v»»«»]kik»y:ikikikik¥i:ik»»;«»kxiki:ik«:ik)kink»v»»k«:»«»»ik«»»v»i:>«v«»>»»*ik»)k/ 
T  =  4;  !  ClocK  Cycle  A 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 

PFR  =  EXDBUF ; 


next; 

PHIl  »  lo; 
PHI2  s  hi; 
ASN  =  hi; 
LDSN  =  hi; 
UDSN  s  hi; 


!  Phase  1 

!  Of  Clock  Cycle  A 
!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  A 
!  Deactivote  Address  Strobe 
!  Deoctivote  Lower  Date  Strobe 
!  Deactivote  Upper  Data  Strobe 


iFi  =  pfr; 


DTACKN  =  hi; 

PC  =  PC  +  4; 
next; 

T  =  0 
) 


!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 
!  Register 

!  Deactivate  Dota  TronsferCAdded ) 
I.  Acknowledge 

!  Increnent  Prograii  Counter 
*  Execute  Pending  Assignitents 
>  Reset  Clock  Cycle  Counter 


andi  ;= 

( 

SRMOHE  =  lo; 
iR<i5:s>  =  MCPCi; 
1R<7:0>  =  MCPC  +13; 
next ; 

PC  =  PC  +  2; 

1  =  5; 

next; 

T  =  0 
) 


!  ANl'.W  *$DFFF,SR 

!  Effect  Of  Instruction 
.•  Prefetch  Next  Instruction 

!  Is  lo  Set  Stotus  Register 
!  Inc  reft ent  Prograii  Counter 
!  Supervisor  Bit  To  User 
*  Node 

!  Requires  6  Clock  Cycles 


oiove  ;  = 

< 


!  nOUE.U  4(Al»Ii7)rD2  [D33 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS  =  Oxffff; 

RU  s  hi; 

ADENABLE  =  lo; 

ABUS  =  Oxffffff; 
UBENABLE  =  lo; 
iABUSQi;i>  =  pc<3i;i>; 


!  Phose  1  Of 
!  Clock  Cycle  0 

!  Ploce  Data  Bus  In  High  Inpedonce 
!  Heiiory  Reod 

!  Disable  Address  Bus  Buffer 
*  Address  Bus  High  Iitpedanced 
!  Disable  Dato  Bus  Buffer 


>\V 


C3 


!  Place  PC  On  Internal  Address 


'  S'-V 


!  Bus 


next; 


!  Execute  Pending  Assignbents 


PHIl  =  lo; 

PHI2  =  hi; 

ADENABLE  =  hi; 

EXABUF  =  IABUS<23:i>; 


FCHODE  -  SRHODE; 


FCSPACE  =  2; 


ABUS  ’ 
next; 


IABUS<23;i> 


!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gote  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Node 
!  Accessing  Prograii 
!  Address  Placed  On  Bus 
!  Execute  lepending  Assignuents 


/$$$$t*t$$$***$*$*$$$*$************t*****$u$$$$***$*t**$*$$$$$*n/ 


T  =  1; 
next; 


Clock  Cycle  1 
Execute  Assignnent 


PHIl  =  hi; 


!  Phase  1  Of 
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PHI2  =  lo; 
ftSN  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
DBENABLE  =  hi; 
next; 

PHIl  =  lo; 

PHI2  =  hi; 
next; 


!  Clock  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Boto  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enable  Dota  Bus 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  1 
>  Execute  Pending  Assignments 


T  =  2;  !  Clock  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  egl  hi 
( 

next; 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  hemory  To  Place 
!  Data  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


•  Phose  2 

!  Of  Clock  Cycle  2 
!  Execute  Assignments 


/1^t***il^tttttt1H^*tt*tt**t*t***t%iit*^^$*$t■*t***tt*t*t**9:$*****t/ 
T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS<15:8>  =  MCABUS:; 
DBUS<7:0>  =  MCABUS  +13; 
DTACKN  =  lo; 
next; 


!  Phose  1 

!  Of  Clock  Cycle  3 
!  Hemory  Ploces  Instruction 
!  On  Dato  Bus  And 
!  Asserts  DTACKN(Added) 

!  Execute  Pending  Assignments 


/t%tlitt**************************t**$t****t*tt%t*tttttttt*1^t%/ 
T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 


next; 


!  Execute  Impending  Assignments 


/1f****$*********t**t**t**Utt*****t*%***1li*M***%t********t*%*tt*t*t/ 

T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Data  Bus 
!  Is  Ploced  In  External  Dato 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  4}  !  ClocK  Cycle  4 

next;  !  Execute  Assignotent 


PHIl  =  hi; 

PHI2  =  lo; 

DISREG  =  EX[i£iUF<7:0>  s>;t  32; 
next; 


!  Phase  1 

!  Of  ClocK  Cycle  4 
!  Store  Iiisploceaent 
!  Execute  Pending  Assignaents 


PHIl  =  lo; 
PHI2  =  hi; 
ASM  =  hi; 
LUSH  =  hi; 
UDSN  =  hi; 


PC  =  PC  +  2; 
DTACKN  =  hi; 


DISREG  =  DISREG  +  Atli; 
next; 


!  Phose  2 

!  Of  ClocK  Cycle  4 
!  Deactivate  Address  Strobe 
!  Deoctivate  Lower  Data  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Are  Placed  Into  Instruction 
!  Register 

!  Increaent  Prog  ran  Counter 
!  Deoctivote  Data  Transfer (Added) 

!  Acknowledge 

!  Add  ACID  To  Disploceoient  Register 


/tt1ii*tt**t***^t*if***v.****rii*t*%%*%**t*ttt*%tt%*%t*tt*tt**t*tt*t*ttt*/ 

T  =  5;  !  Clock  Cycle  5 

next;  !  Execute  Previous  Assignnent 


PHIl  s  hi; 

PKI2  =  lo; 

ABUS  =  Oxffffff; 

DKUS  =  Oxffff; 

DISREG  =  DISREG  t  DC7D; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  5 
!  Address  Bus  High  Inpedanced 
!  Dota  Bus  High  Iiipedanced 
!  Add  Dote  Register  To  Displacenent 
!  Execute  Pending  Assignaents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phose  2  Of 
!  ClocK  Cycle  5 

!  Into  Externol  Address  Buffer 


/1^l^1f*t^lit^1lit********1l^*t^.*ttt*^^%**ttt****%*t**%t*t*%t*%1f■*%%t*t****%t*/ 
T  -  6i  !  Clock  Cycle  6 

next;  !  Execute  Assignuient 


PHIl  =  hi; 
PHI2  =  lo; 
next; 


!  Phase  1  Of 

!  Clock  Cycle  6 

!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  6 
!  Execute  Pending  Assignments 


/li.$t$**$*****************tt****t*t*t%t*t*****ttt*tt$*t*****t**tt*%/ 

T  =  7;  !  ClocK  Cycle  7 

next;  !  Execute  Previous  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

RU  =  hi; 

AliENABLE  =  lo; 

DBENABLE  =  lo; 
iABUs<3i;i>  =  pc<3i:i>; 

next; 

PHIl  =  lo; 

PHI2  =  hi; 

adenable  =  hi; 

FCHODE  =  SRHODE; 

FCSPACE  =  2; 

EXABUr  =  IABUS<23:i>; 
ABUS  =  lABUS<23:i;>; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  7 
!  Meiiory  Read 

!  Disable  Address  Bus  Buffer 
i  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 

Phase  2  Of 
!  Clock  Cycle  7 
!  Enable  Address  Bus  Buffer 
!  User  hode 
!  Accessing  Data 
!  Care  Internal  Address  Bus 
!  Place  Address  On  Bus 
!  Into  External  Address  Buffer 


/%%%%ti!-t*^t**t%*.i^t1li%*1^***t*%%*ii-%t%%t1l^%***%tt**t%*t**%tt%******%***/ 
T  =  8;  !  ClocK  Cycle  8 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

UDSN  =  lo; 

LDSN  =  lo; 

ASH  =  lo; 
DBENABLE  =  hi; 
next; 

PHIl  =  lo; 

PHI2  =  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  6 
!  Activote  Upper  And 
'  Lower  Dota  Strobes 
!  Assert  Address  Strobe 
<  Enable  Data  Bus 
!  Execute  Pending  Assignments 

!  Phose  2 

!  Of  Clock  Cycle  8 
!  Execute  Pending  Assignments 


T  =  9;  !  Clock  Cycle  9 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
( 

next; 


!  Phase  1  Of 
!  Clock  Cycle  9 
!  Wait  For  Memory  To  Place 
!  Bato  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  9 
!  Execute  Assignments 


T  =  10;  !  Clock  Cycle  10 

next;  !  Execute  Assignment 


PHIl  =  hi; 


!  Phase  1 
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PHI2  =  lo; 

D£iUS<15;8>  =  MCABUS3; 
ItBUS<7;0>  =  HCABUS  +13; 
DTACKN  =  loj 
next; 


!  Of  Clock  Cycle  10 
!  Heoiory  Places  Instruction 
!  On  Bata  Bus  And 
!  Asserts  DTACKN(Added) 

!  Execute  Pending  Assignnients 


T  =  9  !  Return  To  Phose  2 

!  Of  Clock  Cycle  9 

)} 

next;  !  Execute  liipending  Assignsients 


/tti^t*y^ttW*1liX*Vi*i^*$t**%%t****tif*t**%********%t*t*tt**tttt**ii**t%/ 
T  =  lo;  !  Clock  Cycle  10 

next;  !  Execute  Assignaent 


PHI-j  =  Ij; 

PMI2  =  f.i; 
EXBBUF  -  BBUi;; 


ne:.'t; 


!  Pt»Qse  2 

!  Of  Clock  Cycle  10 
!  Instruction  Cn  Bata  Bus 
!  Is  Placed  In  External  Dato 
!  Bus  Buffer 

*  Execute  Pending  Assignments 


/tt^li%t!l!i***t*t****%*t*t*t**ttt**%t%*%*tt%t**%t*tt*%**%t**1t.t%ttt**tt/ 
T  =  u;  Clock  Cycle  11 

next;  !  Execute  Assigntient 


PHII  -  hi; 
PHI2  =  lo; 

PFR  =  EXBBUF; 


next; 


!  Phase  1 

!  Of  Clock  Cycle  11 
!  The  Contents  Of  The  External 
!  Dote  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 


PHII  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LBSH  =  hit 
ilBSW  -  hi; 
[iTACKrt  -  hi; 


!  Phase  2 

!  Of  Clock  Cycle  11 
!  Beactivote  Address  Strobe 
!  Beactivate  Lower  Bata  Strobe 
!  Beactivote  Upper  Boto  Strobe 
!  Beoctivate  BoAu  Tronsfer< Added) 
!  Arknowleoge 


PC  =  PC  +  ?; 
next; 


!  Increaent  PC 

!  Execute  Pending  Assignments 


T  =  12; 
next; 

PHII  =  hi; 

PH12  =  lo; 

RU  =  hi; 
ABEHABLE  >  lo; 


!  Clock  Cycle  12 
!  Execute  Assignment 

!  Phase  1  Of 
!  Clock  Cycle  12 

j  Heiiory  Read 

!  Disable  Address  Bus  Buffer 
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ABUS  =  Oxffffff; 
DBUS  =  Oxffff; 


DBENABLE  =  lo; 
lABUS  =  disreg; 


next; 


!  Address  Bus  High  Inpedanced 
!  Eiato  Bus  Returned  To  High 
!  iBtpedonce  State 
!  Bi sable  Bato  Bus  Buffer 
!  Place  DISREG  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PH12  =  hi} 

ABENABLE  =  hi} 

FCHOBE  =  SRMOBE} 
FCSPACE  =  1} 

EXABUF  =  IABUS<23;i>} 
ABUS  =  1ABUS<23:1>} 
SRCARRY  =  0} 

SROVER  =  0} 

SR2ER0  =  0} 

SRNEG  =  0} 
next} 


!  Phase  2  Of 
!  ClocK  Cycle  12 
!  Enable  Address  Bus  Buffer 
!  User  Hode 
!  Accessing  Doto 
!  Gate  Internal  Address  Bus 
!  Place  Address  On  Bus 
!  Initialize  Status  Register 
!  Condition  Bits 


!  Into  External  Address  Buffer 


T  =  13} 
next} 


!  ClocX  Cycle  13 
!  Execute  Assignment 


PHIl  =  hi} 

PHI2  =  10} 

UDSN  s  10} 

LBSN  s  lo} 

ASN  -  lo} 
BBENABLE  =  hi} 
next} 


»  Phose  1  Of 
!  Clock  Cycle  13 
!  Activate  Upper  And 
!  Lower  Bate  Strobes 
!  Assert  Address  Strobe 
!  Enable  Do to  Bus 
!  Execute  Pending  Assignments 


PHIl  =  10} 
PHI2  =  hi} 
next} 


!  Phose  2 

!  Of  ClocK  Cycle  13 
!  Execute  Pending  Assignments 


/$$t:k*$t‘$*****$$********U*-$*1.**if$tt*****$**t$**$*******$***$*****/ 


T  =  14} 
next} 

PHIl  =  hi} 

PHI2  =  lo} 
while  BTACKN  eql  hi 
( 

next} 

PHIl  =  lo; 
PHI2  =  hi} 
next; 


!  ClocK  Cycle  14 
!  Execute  Assignment 

f  Phose  1  Of 
!  ClocK  Cycle  14 
!  Uoit  For  Memory  To  Place 
!  iiata  On  The  Bus 
!  Execute  Impending  Assignments 


!  Phase  2 

!  Of  ClocK  Cycle  14 
!  Execute  Assignments 


T  =  15;  !  ClocK  Cycle  15 

next;  !  Execute  /tssignment 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS<15:8>  =  HLABUSi; 
IiBUS<7;0>  =  hCABUS  +  ii; 
DTftCKN  =  io; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  15 
!  tteetory  Places  Instruction 
i  On  Data  Bus  And 
!  Asserts  DTACKN< Added) 

!  Execute  Pending  Assignikents 


T  =  14  !  Return  To  Phase  2 

!  Of  Clock  Cycle  14 


next; 


!  Execute  Impending  Assignments 


/4c4;4:4:4:4[4:):4:4c4:4:4:]|:4:4;4y«:4:4:|::|:»4:4:4:|:4;i|:|:4:4:vr44:K»4:x»»:tX»4:4:«:4:y>:mm!|:)|cm4C]|:/ 
T  =  15;  !  Clock  Cycle  15 

next;  !  Execute  Assignment 


PHll  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  15 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Dote 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/»4:4:»»4:4:4»4:y«:4:»44:»»44:4:4:44:4:f4:m»f»y:«ikC)kf«;4:*»:i|:«:4C)|C»4»K<ci|:y:|i|[«»mikM4:/ 
T  =  16;  !  Clock  Cycle  16 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

I DBUS  =  EXDBUF ; 
if  EXDBUF  eql  0 
SRZERO  =  hi; 
if  EXDBUF a 5> 
SRNEG  =  hi; 
next; 

PHIl  =  lo; 

PHI2  =  hi; 
if  IR  eql  0x3431 
DC23  =  IDBUS 
else 

DC33  -  IDBUS; 
ASN  =  hi; 

LDSN  =  hi; 

UDSN  =  hi; 

DTACKN  =  hi; 

IR  =  pfr; 


!  Phase  1 

!  Df  Clock  Cycle  16 

!  Set  Condition  Code  Bits 
!  As  Appropriate 


!  Execute  Pending  Assignments 
!  Phase  2 

!  Of  Clock  Cycle  16 
!  Place  Value  In  Either 
!  DE23  Or  DC33 
!  Depending  On  Instruction 

!  Deoctivate  Address  Strobe 
*  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Date  Strobe 
!  Deactivate  Data  Transfer (Added) 
<  Acknowledge 


-•/-‘I’-rlv 


0-208 


nextf 

! 

Execute  Pending  Assigniuents 

T  =  0 
) 

( 

1 

JHP  <A0) 

PHIl  =  hi,‘ 

I 

Phose  1  Of 

PHI2  =  lo; 

! 

Clock  Cycle  0 

MUS  =  Oxffff} 

) 

Place  Date  Bus  In  A  High  lotpedonce 

RU  =  hi; 

1 

Heiiory  Read 

/^HEN/kBLE  =  lo; 

1 

Bisable  Address  Bus  Buffer 

DBENi^BLE  =  lo; 

1 

Disable  Do to  Bus  Buffer 

I ABUS  =  Pc; 

1 

1 

Place  PC  On  Internal  Address 

Bus 

next; 

! 

Execute  Pending  Assignments 

PHll  =  lo; 

1 

Phase  2  Of 

PHI2  =  hi; 

! 

Clock  Cycle  0 

ADENABLE  =  hi; 

1 

Enable  Address  Bus  Buffer 

EXABUF  =  I ABUS ; 

! 

! 

Gate  Internal  Address  Bus 

Into  External  Address  Buffer 

FCHODE  =  SRMODE; 

! 

User  Mode 

FCSPACE  =  2; 

j 

Accessing  Program 

next; 

t 

Execute  Pending  Assignments 

ABUS  =  EXABUF; 

» 

Address  Placed  On  Bus (Added) 

next; 

! 

Execute  Pending  Assignments 

T  =  1; 

! 

Clock  Cycle  1 

next; 

1 

Execute  Assignment 

PHIl  =  hi; 

1 

Phase  1  Of 

PHI2  =  lo; 

1 

Clock  Cycle  1 

ASM  =  lo; 

! 

Assert  Address  Strobe 

LDSN  =  lo; 

! 

Assert  Lower  Data  Strobe 

UDSN  =  lo; 

j 

Assert  Upper  Data  Strobe 

lABUS  =  ACO3; 

! 

! 

Move  Jump  Address  From  AL03 

To  Internal  Address  Buffer 

DBENABLE  =  hi; 

! 

Enable  Data  Bus 

next; 

! 

Execute  Pending  Assignments 

PHIl  =  lo; 

! 

Phase  2 

PHI2  =  hi; 

! 

Of  Clock  Cycle  1 

PC  =  I ABUS ; 

! 

1 

Ploce  Jump  Address  Into  Program 
Counter 

next; 

/tt%%%%*%%%%*%%M*ttt**t*%%**t%*t******t********t*t*t*t****t*tt*$tt/ 

T  =  2; 

! 

Clock  Cycle  2 

next; 

PHU  =  hi; 

PHIl'  =  lo; 
while  DThCKM  eql  hi 
( 

next; 

PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Execute  hssigniient 
!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  Meeory  To  Place 
!  Dota  On  The  Bus 
>  Execute  Impending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  Assignments 


T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assigriment 


PHIl  =  hi; 

PHI2  =  lo; 

IiBUS<15:8>  =  MCABUSi; 
IiBUS<7:0>  =  HCABUS  +  ii; 
DTACKN  =  lo; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  3 
!  heiiory  Places  Instruction 
!  On  Bote  Bus  And 
!  Asserts  !;iTACKN( Added) 

!  Execute  Pending  Assignments 


/t%***t*t***t%*ii.t%t%**tt*%%*ttt***tt*t*li*tttt*tt**tt**tt*tt%/ 
T  =  2  !  Return  To  Phose  2 

!  Of  Clock  Cycle  2 


next; 


!  Execute  Impending  Assignments 


/$IHIi$U¥$*$$****V***********$t*******tt**$lH$t***9t**M***t*****t*tt/ 
T  =  3;  !  Clock  Cycle  3 

next;  f  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUS; 


next; 


!  Phose  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Data  Bus 
!  Is  Ploced  In  External  Date 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  4;  !  Clock  Cycle  4 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PH12  s  lo; 
next; 

PFR  =  EXDBUF; 


next; 

PHIl  =  lo; 


!  Phase  1 

!  Of  Clock  Cycle  4 

!  The  Contents  Of  The  External 
!  Dota  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 

!  Phose  2 
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PHI2  =  hi?  !  Of  ClocK  Cycle  4 

ftSN  =  hit  !  deactivate  Address  Strobe 

LDSN  =  hi;  >  Deactivate  Lower  Data  Strobe 

UDSN  =  hi;  !  Deactivate  Upper  Data  Strobe 

DTACKN  =  hit  !  Deactivate  Data  Transfer 

!  AcKnowledge( Added) 

nex't; 

/%t*t*t*%**t*%%«■***t**%^^1^%**t*ft**%**%%*1^i^.*t**1^*'(^^^t***^^.t^*1ti**t%%%t%/ 

T  =  5;  !  ClocK  Cycle  5 

next;  !  Execute  Previous  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

RU  r  hi; 

adenadle  =  lo; 
DDENADLE  =  lo; 

I ABUS  =  PC; 

next; 

PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 

FCrtODE  =  srmode; 

FCSPACE  =  2i 
EXABUF  =  I ABUS ; 
next; 

ABUS  s  EXABUF ; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  5 
!  heiiory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Dato  Bus  Buffer 
!  Place  PC  On  Internal  Address 
)  Bus 

!  Execute  Pending  Assignments 

!  Phase  2  Of 
!  ClocK  Cycle  S 
!  Enable  Address  Bus  Buffer 
!  User  Mode 
!  Accessing  Progroo 
!  Sate  Internol  Address  Bus 
!  Into  External  Address  Buffer 
!  Address  Placed  On  Bus( Added) 
!  Execute  Pending  Assignments 


/tt*****t**Tt****t******t***WW%*t*t**t*t*tt*t*t$.t**tt*t%tt%t%ttit*/ 
T  =  6t  !  ClocK  Cycle  6 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASM  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
DBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  6 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enable  Dota  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  6 
!  Execute  Pending  Assignments 


T  =  7;  !  ClocK  Cycle  7 

next;  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

while  DTACKN  eql  hi 


!  Phase  1 

!  Of  ClocK  Cycle  7 
!  Wait  For  Memory  To  Place 
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( 

nextf 


!  I>oto  On  The  Bus 
!  Execute  lupendin^  Assignkents 


PHIl  =  lo;  !  Phose  2 

PHI2  =  hi}  !  Of  Clock  Cycle  7 

next}  !  Execute  Assignkents 


T  =  8} 
next} 

PHIl  =  hi} 

PHI2  =10} 

DBUS<15:8>  =  hCABUSD} 
IiBUS<7:0>  =  HI  ABUS  +  13} 
UTACKN  =  lo} 
next} 


!  Clock  Cycle  8 
!  Execute  Assignment 

>  Phase  1 

!  Of  Clock  Cycle  8 
!  heniory  Pieces  Instruction 
!  On  Boto  Bus  And 

>  Asserts  DTACKN<Added ) 

<  Execute  Pending  Assignbents 


/tt****%t**fl^t**t**t**tt*t**t*%tt*ti(i*1lit*ttt%ttttt*tt1litt***%t/ 
1=7  !  Return  To  Phose  2 

!  Of  Clock  Cycle  7 

)} 

next}  !  Execute  Impending  Assignments 


T  =  8}  !  Clock  Cycle  8 


next} 


!  Execute  Assignment 


PHIl  =  lo} 

PHI2  =  hi} 
EXDBUF  =  BBUS} 


next} 


!  Phose  2 

!  Of  Clock  Cycle  8 
!  Instruction  On  Boto  Bus 
!  Is  Ploced  In  Externol  Boto 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/$t:>it************t*%%****t*****'l-*****t****t*****1l'****%*t*t%*%ttt**/ 


T  =  9} 
next} 


Clock  Cycle  9 
Execute  Assignment 


PHIl  =  hi} 
PHI2  =  lo} 

PFR  =  EXDBUF} 


next } 


^  Phase  1 

!  Of  Clock  Cycle  9 
!  The  Contents  Of  The  External 
!  Boto  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 


PHIl  =  lo} 
PHI2  =  hi} 
ASN  =  hi} 
LDSN  =  hi} 
UDSN  =  hi} 

PC  =  PC  +  2} 
IR  =  PFR} 


!  Phase  2 

!  Of  Clock  Cycle  9 
■  Beoctivote  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivote  Upper  Doto  Strobe 
*  Increment  Progrom  Counter 
!  Place  Contents  Of  Prefetch 


!  Register  Into  Instruction 
!  Register 

DTACKN  =  hi;  i  tieactivate  Oato  Transfer 

!  hcKnowledge (Added) 

next;  !  Execute  Pending  Assignibents 

T  =  0  !  Reset  Clock  Cycle  Counter 

) 

decode  execute  prefetch  ;= 

( 

case  in 

0x3431,0x3631;  BiOve  !  HOVE.W  4(A1,D7),D2  C[i3] 

0x027 c:  ondi  !  AND.U  ♦$DFFF,SR 

047220:  Jimp  !  JMP  (AO)  If  IR  =  Octal  Value 

esac 

) 

ibain  ;  = 

( 

power_on_iratialX2e; 
fetch_initial_inst ruction , 
while  READT  eql  hi 
< 

decode  execute  prefetch 


/»  t/ 

/*  MOTOROLA  MC68000  MOllEL  OF  THE  MOVE.U  $2004, D5  INSTRUCTION  */ 

/*  1/ 

/tt)f***:ti*r*****$******1ft**t****tt**tt'^***ttttii.**V-*iit***i^tttt***ttt**t**%/ 

/*  »/ 

/»  Structure  Declarations  t/ 

/*  */ 

state 

/*  %/ 

/*  M68000  PrograaiUiinQ  Registers  t/ 

/%  %/ 


rico;73<3i:o>, 

AC0:63<3i:O>, 

UA7<31{0>, 

SA7<3i;0>, 

PC<3i;o>, 

SR<15:0.>, 


8  Data  Registers 
7  Address  Registers 
User  StocK  Pointer 
Systen  StocK  Pointer 
Progroft  Counter 
Status  Register 


/xttxxxxxtxxxxxxtxxttxxxtxxxxtttif^tttxxxxxxxtxttxxtttttttttxttttxxxttttt/ 
/*  %/ 
/X  Teeporary  Internal  Registers  X/ 
/*  */ 
/xxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxtxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxttxt/ 


PFR<15;0>, 

1R<15;0>, 

FC<2:0>, 

EXDBUF<15:0>, 

EXABUF<23;i>, 

ALUDUFl<3i;0>, 

ALUbUF2<3i;0>, 

DTEMP<15;0>, 

IiISREG<3i;0>, 

SRTEMPaSlOr 

I8TEMP<15;0>, 

TEMPADR<3i:0>, 

ACTYPE<15:0>, 

VECADR<23:0>, 


Prefetch  Register 

Instruction  Register 

Function  Code  Register 

External  Date  Dus  Buffer  Register 

External  Address  bus  Buffer  Register<changed) 

ALU  Buffer  1 

ALU  Buffer  2 

Tentporory  Data  Storoge 

Teinporory  Disploceiient  Storage 

Teoiporory  Status  Register  Storage 

(Exception  Processing) 

Temporary  Instruction  Register  Storage 
(Exception  Processing) 

Temporary  Cycle  Address  Storoge 
(Exception  Processing) 

Tesporory  Access  Type  Storoge 
(Exception  Processing) 

Tehporary  Vector  Address  Storage 
(Exception  Processing) 


HANABR<31.*0>, 

!  Temporary  Address  Storage  For 
!  Exception  Handler  Routine 

T<7:0>, 

!  Clock  Cycle  Counter 

RESET, 

!  Reset  Flip-Flop 

HALT, 

!  Holt  Flip-Flop 

RU, 

!  Read/Urite  Flip-Flop 

ABENABLE , 

!  Address  Bus  Buffer  Enable 

BBENABLE , 

!  Bata  bus  Buffer  Enable 

ASM, 

!  Address  Strobe  Flip-Flop 

LBSN, 

!  Lower  Bata  Strobe  Flip-Flop 

UBSN, 

!  Upper  Bata  Strobe  Flip-Flop 

DTACKN, 

!  Bute  Transfer  Acknowledge  Flip-Flop 

COUT, 

!  Carry  Flip-Flop 

EXCEPT, 

!  Exception  Processing  Flip-Flop 

REABY, 

!  Ready  Flip-Flop 

/% 

/* 

/* 

n 

/% 

/% 

/% 

/% 

/% 

/% 

/% 

/% 

/% 

/t 

/% 

/% 

/% 

/% 


hodel  transforaiation  (uodif icationst 


and  un- 


%/ 

%/ 

%/ 

X/ 

%/ 

%/ 

%/ 

%/ 

%/ 


1)  CIl  decoder  structure  nonexistent  in  ISP 
necessory  fur  Btodel.  Eliminated  • 

2)  hulti-phase  clock  structure  nonexistent  in  ISP', 
Operotions  on  registers  will  provide  its  equivalent, 

3)  Switci^  structure  nonexistent  in  ISP',  Operation  on  o 
register  uill  provide  its  equivalent. 

4)  The  oeclared  bus  structures  are  modeled  with  registers  *•/ 

without  loss  of  model  accurracy.  This  done  to  mointain  model  1/ 
equlvolency  and  simplicity,  %/ 

5)  The  memory  word  length  was  reduced  from  16  to  8  bit  %/ 

words  to  coincide  with  the  EC8's  32-Kbyte  memory,  to  ogree  withi/ 
their  PC  incrementation,  and  to  enable  the  use  of  existing  %/ 
HC68000  assembler  and  linKer/loader  models.  The  memory  was  %/ 
also  reduced  from  6  Hwords  to  32  Kbytes.  %/ 

X/ 


IABUS<3irO>, 
lDBUS<3r.0>, 
twa  i  t*\  A 1  Qy'  f 
SWITCH, 

PHIl, 


Internal  Address  Bus 
Internal  Bata  Bus 
Wait  State  Counter 
!  Power  Switch 

!  Phase  1  Of  Two-Phase  Clock 
!  Phase  2  Of  Two-Phase  Clock 


port 


/t%x*%%***%*%**xt**%***%x**x**x*t***xttx%ttt*%x**t*x****ttxt*xt*xxxx*$*x/ 
/%  %/ 
/%  External  Address  and  Bata  Bus  %/ 
/%  %/ 


BBUsa5:o>, 


!  Externol  Bata  Bus 


!  £>;ternol  iHddress  bus(chonged> 


Ol 


Aiius<23:i>; 


fommt 


/*tti4.J^****%tv*****i;t*Mm*ttii%tii!i**$**iiii^*^%*t***%*^i******tt!(it**t%*t*tttit-v>t/ 

/%  %/ 

/*  Register  Subfields  %/ 

/%  t/ 


pcaddr 

= 

PC<23:0>,  ! 

SRTRACE 

= 

SR<15>,  ! 

SRMOBE 

= 

SR<13>,  ! 

5RCARRY 

= 

SRsO/ r  ! 

SKOVER 

SRa>,  ! 

SRZERO 

=■ 

SR<2> ,  ! 

SRNEG 

SR<3>,  ! 

SREX 

= 

SR<4>,  ! 

SRMASK 

= 

SR<10:8>,  ! 

FCSPACE 

= 

FC<i:0>,  ! 

FCMODE 

= 

FC<2>,  ! 

PCLOU 

= 

PC<1S;0>,  ! 

PCHI 

= 

PC<31;16>,  ! 

DOLUORB 

= 

11C03<15;0>,  ! 

DILUORD 

DC13<15S0>,  ! 

II2LW0RD 

= 

liC23<lt)50>»  ! 

D3LW0RD 

s.- 

BC33a5}0>,  ! 

L'4LW0Rli 

= 

DC43<1£:0>»  ! 

D5LW0RD 

- 

DC53<1550>,  ! 

D6LW0RB 

BC63<15:0>,  ! 

II7LU0RD 

- 

IiC73<15;0>,  ! 

DISREGHUORD 

liISRE6<3i:i6>,' 

DISREGLUURD 

BISREG<15;0>,  ! 

HANAliRLOU 

= 

hanadr:i5:o>,  ! 

HANADRHI 

= 

HANADR<3i;i6>, I 

TEMPAURLOW 

= 

TEMPAliR<15;0>,! 

TEMPADRHI 

= 

TEMPADR<3i:i6>; 

Prog  rani  Counter  Address  Field 
Trace  Bit 

Mode  Selection  Bit 
Carry  Bit 
Overflow  Bit 
Zero  Bit 
Negative  Bit 
Extend  Bit 
Interrupt  MosK 
Meikory  Access  Address  Spoce 
User/Supervisor  Mode  Bit 
PC  Low  Uord 
PC  High  Word 
BT03  Low  Uord 
DC  13  Low  Uord 
IIC23  Low  Uord 
DC 3 3  Low  Uord 
LiC^3  Low  Uord 
DCS!  Low  Uord 
CiCd3  Low  Uord 
DC 73  Low  Word 
DISRE6  High  Uord 
DISREG  Low  Uord 
HANADR  Low  Uord 
HANADR  High  Uord 
TEMPADR  Low  Word 
TEMPADR  High  Uord 


meibory 


/%  %/ 

/%  16K  16-Bit  Word  Internal  Meniory  %/ 

/%  %/ 


HCO  .'32/673  <7  ;0>; 
macro 


/*  %/ 
/%  Logic  Level  Macros  »/ 


lo  =  0  i, 
hi  =  1  fc, 
off  =01, 
on  =  1  & , 
clear  =  0  S; 


/¥y]|.'¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥»¥¥¥¥¥¥¥«»¥¥¥¥«¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥/ 


/%  %/ 

/%  Power  On  and  Initialization.  This  process  was  not  Biodeled  but  is  %/ 
/t  odded  to  initialize  signals  and  registers.  ¥/ 

/%  %/ 


power_on_initialize  1= 

< 

SUITCH  =  on; 
next; 

HEADY  =  lo; 

RESET  =  lo; 
deloydOO) ; 

RESET  =  hi; 
next; 

ASN  =  hi; 

LDSN  =  hi; 

UDSN  =  hi; 

DTACKN  =  hi; 

RW  =  hi; 

DBUS  =  Oxffff; 
rtC0xl00e3  =  Oxff; 
MCOxlOOfD  =  Oxff; 
HALT  =  hi; 


!  Turn  Power  On 
!  Execute  Assigninent 
!  Syste*i  Not  Ready 
!  Assert  Reset  For 
!  100  hiliseconds(hctive  Low) 

!  Deactivote  Reset 
!  Execute  Pending  Assignsients 
>  Initialize  Address  Strobe 
!  Initialize  Lower  Data  Strobe 
'  Initialize  Upper  Data  Strobe 
!  Initialize  Data  Transfer  Acknowledge 
!  Initialize  Read/Urite<Read  On  High) 

!  Place  Data  Bus  In  High  Iiupedance  Stote 
!  Place  Heitory  Locations  Following  The 
!  JMP  Instruction  In  A  High  State 
!  Initialize  Halt  Flip-Flop (Active 
!  Low) 


T  =  O;  !  Initiolize  Clock  Cycle  Counter 
READY  =  hi;  !  Systen  Ready 

/XX*$Xt*X$$*XX*X**X**$*XX***X*$*X********X*****i:$**X*X$t***ti**$*/ 
/%  %/ 
/%  Routine  Initialization  Per  Haoiby  and  Guillory  t/ 


/% 


MCOx2004D  =  0x55; 
HC0x2005]  =  0x55; 


*/ 


!  Data  To  Be  hoved 


ACOI  =  oxiooa; 
PC  =  0x1000 ; 
next 


!  Place  Hex  1004  Into  ACO] 

!  Ploce  Hex  1000  Into  Prograe  Counter 
!  Execute  Assignnents 


) 


/%  %/ 
/%  Initial  Fetch  Cycle.  This  cycle  was  not  kodeled  but  is  necessory  %/ 

fx  to  retrieve  eodeled  instructions  for  simulation  ond  analysis.  It  %/ 


/%  was  foshsioned  frcisi  the  Read  Cycle  described  by  Hamby  and  Guillory  t/ 
J%  on  page  ^1-15  of  their  thesis*  */ 

/*  %/ 

fetch_iriitial  instruction  5  = 

( 


PHIl  =  hi; 

PHI2  =  lo; 

RW  =  hi; 
ADENABLE  =  lo; 
DBENABLE  =  lo; 

I ABUS  =  pc; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  0 
!  Hemory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  I ABUS ; 

FCMODE  =  SRHODE; 
FCSPACE  =  2; 
next; 

ABUS  =  EXABUF ; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Progrom 
!  Execute  Impending  Assignments 
>  Address  Ploced  On  Bus (Added) 

!  Execute  Pending  Assignments 


T  =  i;  !  Clock  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASH  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
DBENABLE  =  hi,’ 
next; 


!  Phase  1  Of 
!  Clock  Cycle  1 
>  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enoble  Do to  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phose  2 

!  Of  Clock  Cycle  1 
!  Execute  Pending  Assignments 


T  =  2;  !  Clock  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

while  DTACKN  eql  hi 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  Hemory  To  Place 


-r 


(SL. 


( 

next; 


!  [icto  On  The  Bus 
!  Execute  Isipending  ^ssigntients 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


Phase  2 

OP  ClocK  Cycle  2 
Execute  Assignments 


/Cii;  It  it  4: 

T  =  3;  !  ClocX  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

IiBUS<15;8>  =  hCABUSi; 
riiius<7;o>  =  HCABus  +  13; 
DTACKN  =  lo; 
next; 


Phase  1 

Of  Clock  Cycle  3 
Hemory  Pieces  Instruction 
On  Bata  Bus  And 
Asserts  DTACKNCAdded ) 
Execute  Pending  Assignments 


/%1f.■^^l^t9.tit)^tt****tt***ttt**t*tt%t***%t*t*tt*t***^^.%'l|.t*1l.******t/ 

T  =  2  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  2 

); 

next;  !  Execute  Impending  Assignments 

T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  lo; 

!  Phase  2 

PHI2  =  hi; 

!  Of  ClocK  Cycle  3 

EXDBUF  =  HBUS; 

!  Instruction  On  Bata  Bus 
!  Is  Ploced  In  External  Data 
!  Bus  Buffer 

next; 

!  Execute  Pending  Assignments 

T  =  4; 

i  ClocK  Cycle  4 

next; 

!  Execute  Assignment 

PHIl  =  hi; 

!  Phase  1 

X 

II 

0 

!  Of  Clock  Cycle  4 

PFH  =  exubuf; 

!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Ploced 
!  In  Prefetch  Register 

next; 

!  Execute  Pending  Assignments 

PHIl  =  lo; 

!  Phose  2 

PHI2  =  hi; 

!  Of  Clock  Cycle  4 

ASH  =  hi; 

!  Deactivate  Address  Strobe 

LUSH  =  hi; 

!  Deactivate  Lower  Data  Strobe 

UBSH  =  hi; 

!  Deactivote  Upper  Data  Strobe 

If:  =  pfr; 

!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 

*Itk 


IiTACKN  =  hi; 

PC  =  PC  +  4; 

next; 

T  =  0 
) 


SRMOHE  =  lo; 

IR<15;8>  =  MCPC]; 
1R<7;0>  =  MCPC  +  13; 
next; 

PC  =  PC  +  2; 

T  =  5; 
next; 

T  =  0 
) 


!  Register 

!  Deactivate  Data  Transfer (Added) 
!  Acknowledge 

!  Iricreuent  Prog  ran  Counter 
!  Execute  Pending  Assignihents 
!  Reset  Clock  Cycle  Counter 


!  AND.W  *$DFFF,SR 

!  Effect  Of  Instruction 
!  Prefetch  Next  Instruction 

!  Is  To  Set  Status  Register 
!  Increment  Prog  ran  Counter 
!  Supervisor  Bit  To  User 
!  Mode 

!  Requires  6  Clock  Cycles 


!  M0UE»U  $2004, D5  CD63 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS  *  Oxffff; 

RW  =  hi; 

ADENABLE  =  lo; 

ABUS  =  Oxffffff; 
DBENABLE  =  lo; 
IABUS<31*.1>  =  PC<3i:i>; 

next; 

PHIl  =  lo; 

PHI2  =  hi; 

ADENABLE  =  hi; 

EXADUF  =  IABUS<23:i>; 

FCMODE  =  SRMODE; 
FCSPACE  =  2; 

ABUS  =  IABUS':23;i>; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  0 

>  Place  Data  Bus  In  High  lapedooce 
!  Meiiory  Read 

!  Disable  Address  Bus  Buffer 
!  Address  Bus  High  Inpedonced 
!  Disable  Date  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignkents 

!  Phase  2  Of 
!  Cock  Cycle  0 
!  Enable  Address  Bus  Buffer 
<  Cate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Prog  ran 
!  Address  Placed  On  Bus 
!  Execute  Inpending  Assignoients 


T  =  1;  !  Clock  Cycle  1 

next;  *  Execute  Assignnent 


PHIl  =  hi; 
PHI2  =  lo; 
ASN  =  lo; 


!  Phase  1  Of 
!  Clock  Cycle  1 
!  Assert  Address  Strobe 


C-220 


“%*  “  'p' 


LDSN  =  lo; 
uiiSN  =  lo; 
ItHENABLE  =  hi; 
next; 


!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enable  Data  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  1 
!  Execute  Pending  Assignments 


T  =  2; 
next; 


!  Clock  Cycle  2 
!  Execute  Assignment 


PHIl  =  hi; 

PH12  =  lo; 
while  DTACKN  eql  hi 
( 

next; 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  Hemory  To  Place 
!  Doto  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  Assignments 


T  =  3; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

DBUS<15;8>  =  ME ABUS 3; 
DBUS<7:0>  =  ME ABUS  +13; 
DTACKN  =  lo; 
next; 


!  Clock  Cycle  3 
Execute  Assignment 

!  Phose  1 

!  Of  Clock  Cycle  3 
!  hemory  Places  Instruction 
!  On  Date  Bus  And 
!  Asserts  DTACKN(Added) 

!  Execute  Pending  Assignments 


/¥¥¥«S«¥¥¥¥«y;  »:¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥/ 

T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

); 

next;  !  Execute  Impending  Assignments 


/t**'f^^*********%**%t%*%t**%*^l^***v***tt*tt*%*t*^^i^ti■*%%W***1^*^^t*1^t**%/ 
T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Doto  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  4;  !  Clock  Cycle  4 


ne:<tf 


!  Execute  ^ssigniient 


PHIl  =  hi; 

PHI2  =  lo; 

DISREG  =  EXDBUF  sxt  32; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  4 
<  Store  Disploceaent 
!  Execute  Pending  Assignaents 


PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 

lusn  =  hi; 
UDSN  =  hi; 


PC  =  PC  +  2; 
DTACKN  =  hi; 

next; 


!  Phase  2 

!  Of  Clock  Cycle  A 
!  Deactivote  Address  Strobe 
!  beoctivate  Lower  Data  Strobe 
!  Deactivote  Upper  Data  Strobe 
»  Are  Placed  Into  Instruction 
!  Register 

!  Increment  Prograsi  Counter 
!  Deactivate  Data  Transfer (Added) 
!  Acknowledge 


T  =  5; 
next; 


Clock  Cycle  5 

Execute  Previous  Assigniient 


PHIl  =  hi; 

PHI2  =  lo; 

RU  s  hi; 

ADEHABLE  «  lo; 

fitfus  -  oxffffff; 

DBUS  s  Oxffff; 

DBENABLE  =  lo; 
iABUS<3i;i>  =  p{;<3i:i;; 

next; 


*  Phose  1  Of 

!  Clock  Cycle  5 

*  heaory  Read 

!  Disable  Address  Dus  Duffer 

*  Address  Dus  High  lapedonced 
!  Data  Dus  Returned  To  High 

!  lapedonce  State 
!  Disable  Date  Bus  Buffer 
!  Place  PC  On  Internol  Address 
!  Dus 

!  Execute  Pending  Assignaents 


PHIl  =  lo; 

PHI2  =  hi; 

ADENABLE  =  hi; 

FCttODE  =  srhode; 

FCSPACE  =  2; 

EXABUF  =  IABUS:23;i>; 
ABUS  =  IABUS<23;i>; 
next; 


!  Phose  2  Of 
!  Clock  Cycle  5 
!  Enable  Address  Dus  Duffer 
!  User  Mode 
!  Accessing  Doto 
!  Gate  Internal  Address  Bus 
!  Ploce  Address  On  Dus 
!  Into  External  Address  Buffer 


T  =  6;  !  Clock  Cycle  6 

next;  !  Execute  Assignaent 


PHIl  =  hi; 
PHI2  =  lo; 
UDSH  =  lo; 
LDSN  =  lo; 
ASN  -  lo; 


!  Phase  1  Of 
!  Clock  Cycle  6 
!  Activate  Upper  And 
!  Lower  Doto  Strobes 
*  Assert  Address  Strobe 


DBENABLE  =  hi; 
next; 

PHIl  =  lo; 

PHI2  =  hi; 
next; 


!  Enable  Data  Dus 
!  Execute  Pending  i^ssignoients 

•  Phase  2 

!  Of  ClocX  Cycle  6 
!  Execute  Pending  Assignments 


T  =  7;  !  ClocK  Cycle  7 

next;  >  Execute  Assignment 


PHll  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
< 

next; 

PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  7 
!  Wait  For  Hemory  To  Place 
I  Data  On  The  Dus 
!  Execute  Impending  Assignments 

•  Phase  2 

!  Of  Clock  Cycle  7 
!  Execute  Assignments 


T  =  8;  !  Clock  Cycle  8 

next;  !  Execute  Assignment 


PHIl  s  hi; 

PHI2  =  lo; 

DBUS<15:8>  »  HCA8USI; 
liBUS<7;0>  =  NCADUS  +  li; 
DTACKN  =  lo; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  6 
!  Nemory  Places  Instruction 
1  On  Data  Dus  And 
!  Asserts  DTACKN( Added) 

!  Execute  Pending  Assignments 


/*t*****$*******1ll*****1ll*****ti******1li$1C***t$******t*$***$***t/ 

T  =  7  !  Return  To  Phose  2 

!  Of  Clock  Cycle  7 

>; 

next;  !  Execute  Impending  Assignments 


T  =  8;  !  Clock  Cycle  8 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  *  DDUS; 


next; 


!  Phase  2 

•  Of  Clock  Cycle  8 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/$$]llt$$]l!$$$$$$$$$U*$***$********$t*$*$$****t**$$1i$*t***t**$1ft*$**/ 
T  =  9;  !  Clock  Cycle  9 

next;  !  Execute  Assignment 


PHIl  =  hit  !  Phase  1 

PHI2  =  lo;  !  Of  ClocK  Cycle  9 

PFft  =  EXDBUF;  !  The  Contents  Of  The  Externol 

!  [Iota  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 

next;  >  Execute  Pending  Assignnents 


PHIl  =  lo; 
PHI2  =  hij 
ASM  =  hi; 
LDSN  =  hi; 
UOSH  -  hi; 
DTACKN  =  hi; 

PC  =  PC  +  2; 

next; 


!  Phose  2 

!  Of  Clock  Cycle  9 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Dato  Strobe 
!  Deactivate  Dota  Transfer (Added) 
!  Acknowledge 
!  Increnent  PC 

!  Execute  Pending  Assignments 


T  =  10;  !  ClocK  Cycle  10 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

RU  =  hi; 

ADENABLE  =  lo; 
ABUS  =  Oxffffff; 
DBUS  =  Oxffff; 

DBENABLE  »  lo; 
1A6US  =  DISREC; 

next; 


!  Phase  1  Of 
•  Clock  Cycle  10 
!  Memory  Read 

!  Disable  Address  Bus  Buffer 
f  Address  Bus  High  Impedanced 
!  Data  Bus  Returned  To  High 
)  Impedance  State 
!  Disable  Data  Bus  Buffer 
!  Place  DISREC  On  Address 
I  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 

ADENABLE  =  hi; 

FCAODE  =  SRMODE; 
FCSPACE  =  1; 

EXABUF  =  IABUS<23;i>; 
ABUS  =  IABUS<23;i>; 
SRCARRY  =  0; 

SROVER  =  0; 

SR2ER0  =  0; 

SRNEG  =  0; 
next; 


>  Phase  2  Of 
!  ClocK  Cycle  10 
!  Enable  Address  Bus  Buffer 
!  User  Mode 
!  Accessing  Doto 
!  Gate  Internol  Address  Bus 
;  Piece  Address  On  Bus 
!  Initialize  Status  Register 
!  Condition  Bits 


!  Into  External  Address  Buffer 


/$it$$t$fl$$$U*ttt**¥*$*t$t*$$******$**t9$**$Mt$9:*$V***********tMU/ 
T  -  11;  !  ClocK  Cycle  11 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PH12  =  lo; 
UDSN  «  lo; 


!  Phose  1  Of 
!  ClocK  Cycle  11 
!  Activate  Upper  And 


LDSN  =  loj 
ASN  ®  1 0  > 
D&ENAbLE  =  hi} 
next; 


!  Lower  [iota  Strobes 
!  Assert  Afldress  Strobe 
!  Enable  Data  Bus 
(  Execute  Pending  Assignuents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  11 
!  Execute  Pending  Assignoients 


!  Clock  Cycle  12- 


next; 


Execute  Assignttent 


PHIl  =  hi; 

PHI2  =  lo; 
while  OTaCKN  egl  hi 
( 

next; 


!  Phase  1  Of 
!  Clock  Cycle  12 
!  Wait  For  Heaory  To  Place 
!  Data  On  The  Bus 
!  Execute  Inipending  Assignsients 


PHIl  =  lo; 
PH12  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  12 
!  Execute  Assigniients 


T  =  13; 
next; 

PKIl  =  hi; 

PHI2  =  lo; 

[•BUS<15;8>  =  HCABUSi; 
riBus<7;o>  =  MCABus  +  n; 
DTACKN  =  lo; 
next; 


!  Clock  Cycle  13 
!  Execute  Assignnent 

'  Phase  1 

!  Of  Clock  Cycle  13 
!  Mekory  Ploces  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKNCAdded) 

!  Execute  Pending  Assigniients 


/U*$t$tU'(Ut*********$***Ut*******t*$******t**t***$ft****/ 

J  ~  12  !  Return  To  Phase  2 

!  Of  Clock  Cycle  12 

>; 

next;  !  Execute  Inpending  Assigniients 


/*$,*$if**X:**t**********$$*U*****$$$**$*$******$**t*****t***$*****t/ 
T  =  13;  !  Clock  Cycle  13 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDDUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  13 
!  Instruction  On  Dota  Bus 
!  Is  Ploced  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  14;  !  Clock  Cycle  14 


next; 

PHIl  =  hi; 

PHI2  =  lo; 

IDBUS  =  EXDeUF; 
if  EXDBUF  eql  0 
SRZERO  =  hi; 
if  EXBIiUF<15> 
SRNEG  =  hi; 
next; 

PHIl  =  lo; 

PH12  =  hi; 
if  IR  eql  0>:3u3G 
DCS 3  =  IDBUS 
else 

DC63  =  IDBUS; 
ASN  =  hi; 

LDSN  =  hi; 

UDSN  =  hi; 

DTACKN  =  hi; 

IR  =  pfr; 
next; 

T  =  0 
) 


!  Execute  Assiqnbent 
!  Phase  1 

!  Of  Clock  Cycle  14 

!  Set  Condition  Code  bits 
!  As  Appropriote 


!  Execute  Pending  Assignnients 
!  Phase  2 

!  Of  Clock  Cycle  14 
!  Ploce  Ualue  In  Either 
*  DC53  Or  DC63 
!  Depending  On  Instruction 

!  Deactivate  Address  Strobe 
!  Deactivote  Lower  Dato  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Deactivate  Doto  Transfer(Added > 
!  Acknowledge 

!  Execute  Pending  Assignments 


!  JHP  (AO) 


/t*)ftt***$****T(**$**t****tt**$*%****9i%*%**1liili*$1.$*t*t.%*1f.t**t*i!it**%%/ 


PHIl  =  hi;  ! 
PHI2  =  lo;  » 
DBUS  =  Oxffff;  ! 
RU  =  hi;  ! 
ADENABLE  =  lo;  ! 
DBENABLE  =  lo;  ! 
I ABUS  =  pc;  ! 

next;  ! 


Phase  1  Of 
Clock  Cycle  0 

Place  Doto  Bus  In  A  High  Impedonce 
rtenory  Read 

Disable  Address  Bus  Buffer 
Disable  Date  Bus  Etuffer 
Place  PC  On  Internal  Address 
Bus 

Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  lABUS; 

FCHODE  =  SRHODE; 
FCSPACE  =  2; 
next; 

ABUS  =  EXABUF ; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Program 
!  Execute  Pending  Assignments 
!  Address  Placed  On  Bus (Added) 
!  Execute  Pending  Assignments 


/tt*tt***t%**%%'ll-%%%*%*%**%%%lt-t**t*tt%il‘*$%****tt*1l^*-****t%*1l^**%**t**/ 

T  =  i; 

! 

Clock  Cycle  1 

next; 

1 

Execute  Assignment 

PHIl  =  hi; 

1 

Phase  1  Of 

PHI2  =  lo; 

1 

ClocK  Cycle  1 

ASN  =  lo; 

! 

Assert  Address  Strobe 

LDSN  =  lo; 

! 

Assert  Lower  Data  Strobe 

UDSN  =  lo; 

! 

Assert  Upper  Data  Strobe 

lABUS  =  AC03; 

! 

1 

Hove  Juep  Address  From  AC03 

To  Internal  Address  Buffer 

DBENABLE  =  hi; 

j 

Enable  Date  Bus 

next; 

; 

Execute  Pending  Assignments 

PHIl  =  lo; 

! 

Phase  2 

PHI2  =  hi; 

1 

Of  Clock  Cycle  1 

PC  =  lABUS; 

1 

Place  Jump  Address  Into  Program 

next; 

! 

Counter 

T  =  2; 

! 

Clock  Cycle  2 

next; 

! 

Execute  Assignment 

PHIl  =  hi; 

! 

Phase  1 

PHI2  =  lo; 

! 

Of  Clock  Cycle  2 

while  DXACM  eql  hi 

1 

Woit  For  Memory  To  Place 

< 

! 

Data  On  The  Bus 

next; 

1 

Execute  Impending  Assignments 

PHIl  s  lo; 

! 

Phose  2 

PHI2  =  hi; 

! 

Of  Clock  Cycle  2 

next; 

1 

Execute  Assignments 

T  =  3; 

! 

ClocK  Cycle  3 

next; 

1 

Execute  Assignment 

PHIl  =  hi; 

1 

Phase  1 

PHI2  =  lo; 

! 

Of  Clock  Cycle  3 

DBUS<15;8>  =  MCABUSi; 

! 

Memory  Places  Instruction 

[tBUS<7;0>  =  HCABUS  +  13; 

1 

On  Date  Bus  And 

UTACKN  =  lo; 

1 

Asserts  DTACKN<Addedl 

next; 

! 

Execute  Pending  Assignments 

T  =  2 

f 

Return  To  Phase  2 

); 

next; 


!  Of  ClocK  Cycle  2 
!  Execute  Inpending  Assigneents 


/%t%t%%$**t*U*%***$***%**t****%t*t**tt*t*t*t*ttt*t*t*t**t***t%**t/ 


!  Clock  Cycle  3 
!  Execute  ^ssigiiAent 


T  =  3; 
rie>ft; 


PHIl  =  10} 

!  Phase  2 

PHI2  =  hi} 

!  Of  Clock  Cycle  3 

exubuf  =  imuc} 

!  Instruction  On  Bata  Bus 

next} 

!  Is  Ploced  In  Externol  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignnents 

T  =  4} 

!  Clock  Cycle  4 

next} 

!  Execute  Assignment 

PHIl  =  hi} 

!  Phase  1 

PHI2  =  10} 

!  Of  Clock  Cycle  4 

next} 

PFR  =  EXDBUF} 

!  The  Contents  Of  The  External 

next} 

!  Dota  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 

PHIl  =  10} 

!  Phase  2 

PHI2  =  hi} 

!  Of  Clock  Cycle  4 

A3N  =  hi} 

!  Deactivate  Address  Strobe 

LUSN  =  hi} 

!  Deactivate  Lower  Data  Strobe 

UUSN  =  hi} 

!  Deoctivate  Upper  Data  Strobe 

DTACKN  =  hi} 

!  Deactivate  Data  Transfer 

!  6cknowled9e<hddeti) 

next} 

/%%%%*t***t.*t***%t1f-%*******$t***********%*****%**t**1fW*Wt**%*****/ 

T  =  5} 

f  Clock  Cycle  5 

next} 

!  Execute  Previous  Assignment 

PHIl  =  hi} 

!  Phase  1  Of 

PHI2  =10} 

!  Clock  Cycle  5 

RU  =  hi} 

!  Memory  Read 

HDENABLE  =10} 

!  Disable  Address  Bus  Buffer 

DBENhBLE  =  lo} 

!  Disable  Data  Bus  Buffer 

I ABUS  =  PC} 

!  Ploce  PC  On  Internol  Address 

next} 

!  Bus 

!  Execute  Pending  Assignments 

PHIl  =  lo} 

!  Phase  2  Of 

PHI2  =  hi} 

•  Clock  Cycle  5 

ADENABLE  =  hi} 

!  Enoble  Address  Bus  Buffer 

FCHOHE  =  SRHODE} 

User  Mode 

FCSPACE  =  2} 

>.  Accessing  Progrom 

EXABUF  =  I ABUS} 

!  Gate  Internol  Address  Bus 

next} 

•  Into  External  Address  Buffer 

ABUS  =  EXABUF} 

!  Address  Placed  On  Bus(Added) 

next} 

Execute  Pending  Assignments 

T  =  6} 

!  Clock  Cycle  6 

next} 

!  Execute  hs&ignuent 

PHIl  =  hi} 

!  Phase  1  Of 

PHI2  =  lo} 

!  Clock  Cycle  6 

rtSN  =  lo} 

!  Assert  Address  Strobe 

LKSN  =  lo} 

!  Assert  Lower  Boto  Strobe 

UKSN  =  lo} 

!  Assert  Upper  Bata  Strobe 

UBENABLE  =  hi} 

!  Enoble  Bata  Bus 

next} 

!  Execute  Pending  Assignaents 

PHll  =  lo} 

!  Phase  2 

PHI2  =  hi} 

!  Of  Clock  Cycle  6 

next} 

!  Execute  Pending  Assignnents 

/tt*tt**ii*l;.***%*tt**t****t**tt%ttt*t*ttt**ttt***tt***t*tt%*ttt***t/ 

T  =  7} 

!  Clock  Cycle  7 

next} 

!  Execute  Assignaent 

PHIl  =  hi} 

»  Phose  1 

PHI2  =  lo} 

!  Of  Clock  Cycle  7 

while  [iTACKN  eql  hi 

!  Wait  For  Heaory  To  Place 

( 

!  Beta  On  The  Bus 

next} 

!  Execute  lapending  Assignaents 

PHIl  =  lo} 

!  Phase  2 

PHI2  =  hi} 

t.  Of  Clock  Cycle  7 

next} 

!  Execute  Assignaents 

T  =  8} 

!  Clock  Cycle  8 

next} 

!  Execute  Assignaent 

PHIl  =  hi} 

!  Phase  1 

PHI2  =  lo} 

!  Of  Clock  Cycle  8 

IiBUS<15:8>  =  MCABUSl} 

!  Meaory  Places  Instruction 

IiBUS<7;0>  =  MCABUS  +13} 

!  On  Bata  Bus  And 

[iTACKN  -  lo} 

!  Asserts  DTACKN(Added> 

next} 

!  Execute  F'ending  Assignaents 

T  =  7 

)} 

next} 

!  Return  To  Phose  2 
!  Of  Clock  Cycle  7 

!  Execute  lapending  Assignaents 

/ttttt**%t*t**t*****ttttttt**tttttt*%*t*tt**t**t'$tt%**tt**t***t**t/ 

T  =  8} 

!  Clock  Cycle  8 

next} 

!  Execute  Assignaent 

PHIl  =  10} 

!  Phase  2 

PHI2  =  hi} 

!  Of  Clock  Cycle  8 

EXDBUF  =  DBUSJ 


!  Instruction  On  Dato  Bus 
!  Is  Placed  In  External  Doto 
!  Bus  Buffer 

next;  !  Execute  Pending  Assignoients 


T  =  9; 

!  Clock  Cycle  9 

next; 

!  Execute  Assignment 

PHII  =  hi; 

!  Phase  1 

PH12  =  lo; 

!  Of  Clock  Cycle  9 

PFR  =  exdbuf; 

!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Ploced 
!  In  Prefetch  Register 

next; 

<  Execute  Pending  Assignments 

PHII  =  lo; 

!  Phose  2 

PHI2  =  hi; 

!  Of  Clock  Cycle  9 

ASN  =  hi; 

!  Deactivate  Address  Strobe 

LDSN  =  hi; 

>  Deoctivate  Lower  Data  Strobe 

UDSN  =  hi; 

!  Deactivate  Upper  Data  Strobe 

PC  =  PC  +  2; 

!  Increment  Program  Counter 

IR  =  pfr; 

!  Ploce  Contents  Of  Prefetch 
!  Register  Into  Instruction 

!  Register 

DTACKN  =  hi; 

!  Deactivote  Date  Transfer 
!  Acknowledge (Added) 

next; 

>  Execute  Pending  Assignments 

T  =  0 

!  Reset  Clock  Cycle  Counter 

) 

decode_execute_pretetch  J= 

< 

case  IB 

0x3a38,0>;3c3B:  nove  !  MOOE.U  $2004,115  CB63 

0x027c:  ondi  !  ftNIuW  #$DFFF,SR 

047320;  jftp  !  JMP  (ftO)  If  IR  =  Octal  Value 

esac 

) 


niain  .'  = 

( 

pouer_on_initialize; 
fetch_initial_instruction { 
while  READY  eql  hi 
< 

decode  execute  prefetch 


^  -JIf  »  „  r-^  J,  , 


/%  %/ 

/%  MOTOROLft  MC6BOOO  hODEL  OF  THE  MOVE.W  *2004,«2008  INSTRUCTION  »/ 

/»  »/ 

/%  %/ 

/%  Structure  Declarotions  »/ 

/%  %/ 


state 


/%  %/ 

/%  H68000  PrograBtailng  Registers  %/ 

/X  %/ 

/XXXX%X%%XX%*t%%%t%X%tX%%%%%tt%%%%%-%%X*t%%%%t%%%X%ti.t%%%%%%%X%%X%%%t%*t%/ 


Dco;7]<3i:o>, 

AC0:63<3i;0>, 

U(S7<3i;0>, 

SA7<3i:0>, 

pc<3i :o>, 

SR<15;0>, 


!  8  Dota  Registers 
!  7  Address  Registers 
!  User  Stack  Pointer 
!  Systeb  Stock  Pointer 
!  Program  Counter 
!  Status  Register 


/xxxxxxx$*x**xx*x$x(x$xxxxxxx$xxxxt*****x***xrxx*******x*t$*xx**x**x*x*x/ 
/%  »/ 
/X  Teeporcry  Internal  Registers  */ 
n  */ 
/xx*xxxx*xx*xxxxxxxx*xx*x**xxx*x**xtx*****xxx*****x**x*xx*x***x*xx$t*xxt/ 


PFR<15;0>, 

IR<15:0>, 

FC<2:0>, 

EX[IBUF<15;0>, 

EXABUF<23;i>, 

ALUBUFl<3i;0>, 

ALUBUF2<3i;0>, 

DT£MP<15:0>, 

IiISREG<3i:0>, 

SRTEMP<1550>, 

IRTEMP<15:0>, 

TEMPAIiR<3i:0:>, 

ACTYPE<15!0>, 

VECADR<23J0>, 


Prefetch  Register 

instruction  Register 

Function  Code  Register 

External  Dota  Bus  Buffer  Register 

External  Address  Bus  Buffer  Register<chonged) 

ALU  Buffer  1 

ALU  Buffer  2 

Teikporary  Bote  Storage 

Tenporory  lUspIoceiierit  Storoge 

Temporary  Stotus  Register  Storoge 

(Exception  Processing) 

Temporary  Instruction  Register  Storoge 
(Exception  Processing) 

Teibporory  Cycle  Address  Storoge 
(Exception  Processing) 

Temporary  Access  Type  Storoge 
(Exception  Processing) 

Teiiporory  Vector  Address  Storoge 
(Exception  Processing) 


C-231 


HANADft<3i:0>, 


T<7:0>, 
RESET , 
HALT, 

RU, 

ADENABLE, 

KBENABLE, 

ASN, 

LUSH, 

UBSN, 

IiTACKN, 

COUT, 

EXCEPT, 

REABY, 


!  Tefcporary  Address  Storoge  For 
!  Exception  Handler  Routine 
!  ClocK  Cycle  Counter 
Reset  Flip-Flop 
Halt  Flip-Flop 
Read/Urite  Flip-Flop 
Address  Bus  Buffer  Enable 
Data  Bus  Buffer  Enoble 
Address  Strobe  Flip-Flop 
Lower  Bato  Strobe  Flip-Flop 
Upper  Beta  Strobe  Flip-Flop 
Bata  Transfer  AcRnowledge  Flip-Flop 
Carry  Flip-Flop 

Exception  Processing  Flip-Flop 
Ready  Flip-Flop 


/%  %/ 

/%  Hodel  transformation  luodif icotionsl  %/ 

/%  »/ 

/%  1)  CDL  decoder  structure  nonexistent  in  ISP'  and  un-  %/ 

/t  necessary  for  model #  Eliminated,  %/ 

/%  2)  Hulti-phase  clock  structure  nonexistent  in  ISP',  %/ 

/%  Operations  on  registers  will  provide  its  equivalent,  %/ 

/%  3)  Switch  structure  nonexistent  in  ISP',  Operation  on  a 

/t  register  will  provide  its  equivolent,  »/ 

/%  4)  The  declored  bus  structures  ore  modeled  with  registers  %/ 

/%  without  loss  of  model  accurrocy.  This  done  to  maintain  model  X/ 

/t  equivalency  and  simplicity,  %/ 

/*  S)  The  memory  word  length  wos  reduced  from  16  to  8  bit  %/ 

/X  words  to  coincide  with  the  ECB's  32-Kbyte  memory,  to  agree  with*/ 

/*  their  PC  incrementation,  ond  to  enoble  the  use  of  existing  */ 

/*  HC6B000  assembler  and  linKer/looder  models.  The  memory  was  */ 

/*  also  reduced  from  8  hwords  to  32  Kbytes,  */ 

/»  */ 


/«L»!t;|[x»m**«m*****»********»**»*m»***«*********m**y**************/ 


IABUS<3i;0>, 

IDBUS<3i:0>, 

twoit<7{0>, 

SWITCH, 

PHIl, 

PHI2; 


!  Internal  Address  Bus 
!  Internal  Boto  Bus 
!  Wait  Cycle  Counter 
!  Power  Switch 

!  Phase  1  Of  Two-Phase  Clock 
!  Phose  2  Of  Two-Phose  Clock 


port 


/»«lc««S!k«»«y»ik««ik*»*s4:4;)|;y;»i|:****************ic*>*«*»y******»*«»*»»*»*»*»**/ 
/»  »/ 

/*  Externol  Address  and  Bata  Bus  */ 

/*  »/ 

/$*«!««:C»»*««»**»*»*|;y»s**y****«$*»*«*s*«;»**«:*|:*i|;*y;»«***|;*«***»»****»**»«/ 


IiBUS<15;0>, 


!  External  Boto  Bus 


/^IiUS<23!l>r  !  External  Address  Bue(changed) 

foroiat 


/%  %/ 

/t  Register  Sabfieids  %/ 

/%  %/ 


PCADDR 

= 

PC<23:0>, 

SRTRACE 

= 

SRa5>, 

SRHODE 

SR'ilZ.'f 

SRCARRY 

= 

SR<0>, 

SROVER 

= 

SR'\l>f 

SRZERO 

SR<2> , 

SRNE6 

= 

SR<3>, 

SREX 

= 

SR<4>, 

SRMASK 

= 

SR<10;8>, 

FCSPACE 

= 

FC<i:o>, 

FCMODE 

= 

FC<2>, 

PCLDW 

= 

PC<15*.0>, 

PCHI 

= 

PC<3i:i6>, 

DOLWORD 

= 

DE03<15;o;>, 

DILUORD 

DC13<1550>, 

I12LW0RD 

= 

DE23<15:0>, 

D3LW0RD 

S 

DC33<15J0>, 

114LW0RD 

= 

DC43<15:0>, 

D5LU0RD 

= 

DC53a5tO.>, 

D6LW0RD 

•  s 

DL63<15:0>, 

D7LW0RD 

£ 

DC73<15:0>, 

DISREGHWORD 

= 

DlSREG<3i:i6>, 

DISREGLUORD 

DISREG<15;0>, 

HANADRLOU 

= 

HANADR<15;0:' , 

HANADRHI 

= 

HANADR<3i;i6>, 

TEMPADRLCW 

TEMPADR<15:0>, 

TEMPADRHI 

= 

TEMPADR<3i;i6> 

nieeory 

• 

Prog  rani  Counter  Address  Field 
Trace  tit 
hode  Selection  bit 
Carry  Bit 
Overflow  Bit 
Zero  Bit 
Negative  Bit 
Extend  Bit 
Interrupt  Mask 
Heniory  Access  Address  Spoce 
User/Supervisor  Mode  Bit 
PC  Low  Word 
PC  High  Word 
BCOO  Low  Word 
DC  13  Low  Word 
BC23  Low  Word 
BE 3 3  Low  Word 
Ii[43  Low  Word 
DCS3  Low  Word 
1iC63  Low  Word 
BC73  Low  Word 
DISREG  High  Word 
DISREG  Low  Word 
HAN ADR  Low  Word 
HANADR  High  Word 
TEMPADR  Low  Word 
r !  TEMPADR  High  Word 


/%  %/ 

/%  16K  16-Dit  Word' Internal  Menory  %/ 

/%  %/ 


M[0;327673<7:0>; 


niocro 


n  »/ 

/%  Logic  Level  Macros  */ 


Logic  Level  Macros 


lo  =01, 
hi  =  1  & , 

off  =  0  I, 

on  =  1  &, 

clear  =  0  SJ 

/i|c»it:»«]|C!|[]|;it:»:il:i|;X]t:]|cii:it:mit:it:il:it:it::t:y:it:i|:it:i|:i|:i|:it:]t:y4:i|:it:):>t:it:|:it:m4:it:it:it:ii:i|:»it:i|:i|:it:mit:it:i|:)|:i|:it:4:it:it:)t:/ 


/t  »/ 
/%  Power  On  ond  Initialization.  This  process  was  not  nodcled  but  is  %/ 
/%  added  to  initialize  signals  and  registers.  »/ 
/%  tf 


power_on_initialize  J= 

\ 

SWITCH  =  on; 
next; 

READY  =  lo; 

RESET  =  lo; 
delay(lOO); 

RESET  =  hi; 
next; 

ASN  =  hi; 

LDSN  =  hi; 

UDSN  =  hi; 

DTACKW  =  hi; 

RU  =  hi; 

imus  =  oxffff; 
Mcoxioioi  =  0)!ff; 

MLOxlOlll  =  Oxff; 
HALT  =  hi; 


!  Turn  Power  On 
!  Execute  Assignnent 
!  Systed  Not  Ready 
.•  Assert  Reset  For 
!  100  Hiliseconds(Active  Low) 

!  Deactivate  Reset 
!  Execute  Pending  Assignnents 
!  Initialize  Address  Strobe 
!  Initialize  Lower  Data  Strobe 
!  Initialize  Upper  Data  Strobe 
!  Initialize  Data  Transfer  AcKnowleoge 
!  Initialize  Read/Write(Read  On  High) 

!  Place  Data  Bus  In  High  lepedance  State 
!  Place  Heoiory  Locations  Following  The 
!  JHP  Instruction  In  A  High  Stote 
!  Initialize  Halt  Flip-Flop (Active 
!  Low) 


T  =  O;  \  Initiolize  ClocK  Cycle  Counter 

READY  =  hi;  !  SystBd  Ready 

/xx%xxxxx%xx%x%x%xx%xxxxxxxx%txx%t%%xx%xxxxx%xxxxxxxxxxx%xxxxx%x/ 

/X  »/ 

/X  Routine  Initialization  Per  Hanby  and  Guillory  t/ 

/X  %/ 

/xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxtxxxt/ 


ME 0x2004 3  =  0x55; 
HC0x2005D  =  0x55; 
AL03  =  0x1004; 

PC  =  oxiooo; 

next 


!  Data  To  Be  Hoved 


!  Place  Hex  1004  Into  AEOl 
! 

I 


Place  Hex  1000  Into  Prograe  Counter 
Execute  Assignnents 


) 


/»  »/ 

/X  Initiol  Fetch  Cycle.  This  cycle  was  not  nodeled  but  is  necessory  */ 

/%  to  retrieve  nodeled  instructions  for  sinulotion  ond  analysis.  It  1/ 


/$  wos  foshsioned  froiii  the  Read  Cycle  described  by  Hamby  ond  Guillory  $/ 
/*  on  poge  VI-15  of  their  thesis^  t/ 

/%  %/ 

fetch  initial  instruction  5= 

"( 


PHIl  =  hi; 

PHI2  =  lo; 

RU  =  hi; 

/IDENABLE  =  lo; 
DBENABLE  =  lo; 

I ABUS  =  pc; 

next; 

PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  I ABUS ; 

FCMOiiE  =  SRHODE; 
FCSPACE  =  2; 
next; 

ABUS  =  EXABUF; 
next; 


•  Phase  1  Of 

!  Clock  Cycle  0 

•  rteftory  Bead 

!  Disable  Address  Bus  Buffer 
!  Disable  Date  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Asslgnoients 

!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
I  User  Node 
!  Accessing  Progran 
)  Execute  likpending  Assignments 
!  Address  Placed  On  Bus (Added) 

!  Execute  Pending  Assignments 


T  =  1;  !  Clock  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

•ASM  =  lo; 

LBSN  =  lo; 

UDSN  =  lo; 
DBENABLE  =  hi,* 
next; 

PHIl  =  lo; 

PHI2  =  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Doto  Strobe 
!  Assert  Upper  Doto  Strobe 
!  Enoble  Doto  Bus 
!  Execute  Pending  Assignments 

!  Phose  2 

!  Of  Clock  Cycle  1 
!  Execute  Pending  Assignments 


/xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx/ 

T  =  2;  !  Clock  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

while  DTACKN  eql  hi 


!  Phose  1 

!  Of  Clock  Cycle  2 
!  Wait  For  Hemory  To  Place 


f*. 


c-255 


( 

next; 


j  Data  On  The  Bus 
!  Execute  Inpending  Assignuents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

I  Of  ClocK  Cycle  2 
!  Execute  i^ssignnients 


r  =  3;  !  ClocK  Cycle  3 

next;  !  Execute  Assigniient 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS<15;8>  =  MCABUS3; 
ItBUS<7;0>  =  HCABUS  +13; 
DTrtCKN  =  lo; 
next; 


!  Phase  1 

!  Of  ClocK  Cycle  3 
!  Mesory  Places  Instruction 
!  On  Bota  Bus  And 
!  Asserts  DTACKN(Ad4Jed  > 

!  Execute  Pending  Assigniients 


/$tuttn:ft$**t**$*ii*t***ti*tut***$tKiii**i-t*****t******t***t$/ 

T  =  2  !  fteturn  To  Phase  2 

!  Of  ClocK  Cycle  2 

); 

next;  \  Execute  Impending  Assignments 

/tt*t******t*$^^****tt*tt**t***ttt3^*t*t**tt*tt*****t*tft****%titi****t/ 

T  s  3;  !  ClocK  Cycle  3 

next;  !  Execute  Assignment 


Prill  *  lo; 

PHI2  =  hi; 
EXBBUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  ClocK  Cycle  3 
!  Instruction  On  Beta  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/ttjti%t**********%*t*tt%**%*%t***t*1f-***t9.%**t%*%*%*%******tttt*tt%*/ 
T  =  4;  !  ClocK  Cycle  A 

next;  !  Execute  Assignoient 


PHIl  =  hi; 
PHI2  =  lo; 

pFfi  =  exdbjf; 


next; 

PHIl  =  lo; 
PHI2  =  hi; 
ASH  =  hi; 
LOSN  hi; 
UDSH  s  hi; 

IP  =  pfr; 


!  Phase  1 

f  Of  ClocK  Cycle  A 
!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Ploced 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 

!  Phose  2 

!  Of  ClocK  Cycle  A 
!  Deactivote  Address  Strobe 
I  Deactivote  Lower  Date  Strobe 
*  Deactivate  Upper  Data  Strobe 
!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 


IiTACKN  =  hi; 

PC  =  PC  +  4; 
next; 

T  =  0 


!  Register 

*  Deoctivoie  Dota  Transfer(Added) 
!  AcKnouledge 

!  Increaient  Progroci  Counter 
!  Execute  Pending  Assigninents 
!  Reset  ClocK  Cycle  Counter 


!  MOVE.U  $2004,«2008 


PHIl  =  hi; 

PHI2  =  lo; 

HBus  =  Oxffff; 
RU  =  hi; 
AHENABLE  =  lo! 
DBENABLE  =  lo,* 

I ABUS  =  pc; 

next; 


!  Phase  1  Of 
!  ClocK  Cycle  0 

!  Place  Bate  Bus  Ir.  High  lupedonce 
!  Heiiory  Read 

■  Disable  Address  Bus  Buffer 
I  Disable  Date  Bus  Buffer 

■  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignaents 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  I ABUS; 

FCHODE  =  SRHODE; 
FCSPACE  =  2; 

ABUS  -  lABUS; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Cote  Internal  Address  Bus 
•  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Prograe 
!  Address  Ploced  On  Bu&<Added> 
!  Execute  Pending  Assignsents 


/t$il:$$$$**$$$$***if******$$$*****$*$$***$t****$****$$$******$******/ 
T  =  1;  !  ClocK  Cycle  1 

next;  *  Execute  Assignaent 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LDSN  =  lo; 

UBSN  =  lo; 
DBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Do to  Strobe 
!  Assert  Upper  Dato  Strobe 
!  Enoble  Doto  Bus 
!  Execute  Pending  Assigneents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  1 
!  Execute  Pending  Assignments 


T  =  2;  ClocK  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi} 

PHI2  =  lo; 
while  DTACKN  eql  hi 
( 

nextf 

Phil  =  lo{ 
PHI2  =  hi,* 
next; 


!  Phase  1 

!  Of  ClocK  Cycle  2 
!  Wait  For  Heaory  To  Place 
!  Data  On  The  Dus 
!  Execute  Impending  Assignuients 

!  Phase  2 

!  Of  ClocK  Cycle  2 
!  Execute  hssigniients 


/ttt*t*tt**t'f.tt**i-ttt*tt**t%tttt%%tit****%t******%*t****tt*tt/ 
7=3}  !  Clock  Cycle  3 

next;  !  Execute  hssignnient 


Phil  =  hi; 

PH12  =  lo; 

DDUS<15;8>  =  HChbUSi; 
DBUS<7;0>  =  ME ABUS  f  li; 
DTACKN  =  lo; 
next; 


!  Phase  1 

!  Of  ClocK  Cycle  3 
!  Heiiory  Places  Instruction 
!  On  Date  Bus  And 
!  Asserts  DTACKN(Added) 
f  Execute  Pending  Assignments 


/tt**t******t**t*itii$**$**^»:*ntt****t***$*!f*^$)l!****$$**t*$****/ 
7=2  !  Return  To  Phose  2 

!  Of  ClocK  Cycle  2 

); 

next;  !  Execute  Impending  Assignments 

T  =  3;  !  ClocK  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDDUF  =  DDUS; 


next; 


!  Phose  2 

!  Of  ClocK  Cycle  3 
!  Instruction  On  Date  Dus 
!  Is  Ploced  In  External  Dota 
!  Bus  Duffer 

!  Execute  Pending  Assignments 


/t:ti9it$*UU***********$$************$*$*$*$*****$**$****t*$$*$$*$*/ 
7=4}  !  ClocK  Cycle  4 

next;  !  Execute  Assignment 


PHIl  =  hi} 

PHI2  =  lo; 

TEMPADRHI  =  EXDDUF; 


next; 


PHIl  =  lo; 
PHI2  =  hi; 
ASH  -  hi; 
LDSN  =  hi; 


!  Phase  1 

!  Of  ClocK  Cycle  A 
!  The  Contents  Of  The  External 
!  Data  Dus  Duffer  Are  Placed 
!  In  Temporary  Address  Register 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  ClocK  Cycle  4 
<  Oeactivote  Address  Strobe 
!  Deoctivate  Lower  Date  Strobe 


UDSN  =  hi; 


!  Deactivote  Upper  Doto  Strobe 
!  Are  Placed  Into  Instruction 
!  Register 

DTACKN  =  hi;  !  Deoctivote  Data  Transfer (Added) 

!  Acknowledge 

PC  =  PC  f  2;  !  Increoent  PC 

next; 


T  =  5;  !  Clock  Cycle  5 

next;  !  Execute  Assigniient 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS  =  Oxffff; 
RU  =  hi; 
ADENADLC  =  lo; 
UBENABLE  =  io; 
I ABUS  =  PC; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  5 

<  Piece  Data  Bus  In  High  lapedonce 
!  Heitory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

*  Execute  Pending  Assignnents 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  IrtBUS; 

FChODE  =  SRhODE; 
FCSPACE  =  2; 

ABUS  -  lABUS; 
next; 


Phose  2  Of 
I  Clock  Cycle  5 
!  Enable  Address  Bus  Buffer 
!  Gote  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Progras 
!  Address  Placed  On  Bus(Added) 

!  Execute  Pending  Assignments 


T  =  6;  !  Clock  Cycle  6 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
DBENABLE  =  hi; 
next; 


!  Phose  1  Of 
!  Clock  Cycle  6 
!  Assert  Address  Strobe 
f  Assert  Lower  Date  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enable  Data  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 


!  Phose  2 


PHI2  *  hi;  !  Of  Clock  Cycle  6 

next;  Execute  Pending  Assignments 

T  =  7;  ‘  Clock  Cycle  7 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 


while  DTt^CKN  eql  hi 


( 


next; 


Phase  1 

Of  ClocK  Cycle  7 

Wait  For  Henory  To  Place 

Data  On  The  Dus 

Execute  Inpending  hssignnients 


PHll  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  7 
!  Execute  fissigntients 


T  =  8;  !  ClocK  Cycle  8 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

IiBUS<15:B>  =  MCADUS3; 
DBUS<7:0>  =  MCABUS  +13; 
DTftCKN  =  lo; 
next; 


\  Phase  1 

!  Of  Clock  Cycle  8 
!  heiiory  Pieces  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKN< Added) 

!  Execute  Pending  Assignoients 


T  =  7  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  7 

}; 

next;  !  Execute  Impending  Assignments 


T  *  8; 
next; 


!  Clock  Cycle  8 
!  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUS; 


next; 


?  Phase  2 

!  Of  Clock  Cycle  8 
!  Instruction  On  Doto  Bus 
!  Is  Placed  In  External  Doto 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  9)  !  Clock  Cycle  9 

next;  !  Execute  Assignment 


PHIl  -•  hi; 

!  Phose  1 

PHI2  =  lo; 

!  Of  ClocK  Cycle  9 

f LhPf ili/^LGw  “  l.sDBwF  f 

!  1  lie  Contin'its  u)  llie  Exitcili'.^l 

!  Doto  Bus  Buffer  Are  Placed 
!  In  Temporary  Register 

next; 

!  Execute  Pending  Assignments 

PHIl  =  lo; 

!  Phose  2 

PHI2  =  hi; 

!  Of  ClocK  Cycle  9 

ASH  =  hi; 

Deactivate  Address  Strobe 

LDSN  s  hi; 

!  Deactivate  Lower  Dota  Strobe 

UDSN  =  hi; 


!  Deactivate  Upper  Data  Strobe 
!  Are  Placed  Into  Instruction 
■  Register 

DTACKN  =  hi;  !  Deoctivate  Date  Tronsfer (Added) 

!  AcKnowledge 

PC  =  PC  +  2;  !  Increiient  PC 

next; 


T  =  10;  !  ClocK  Cycle  10 

next; 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS  =  Oxffff; 
RU  =  hi; 

ADEN ABLE  =  lo; 
DBENABLE  =  lo; 

lABUS  =  pc; 


next; 


!  Phase  1  Of 
!  Clock  Cycle  10 

!  Place  Data  Bus  In  High  Itipedance 
!  Heeory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignikents 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  I ABUS ; 

FCrtODE  =  srmode; 

FCSPACE  =  2; 

ABUS  =  I ABUS ; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  10 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
>  Into  External  Address  Buffer 
I  User  Mode 
!  Accessing  Progi-ait 
!  Address  Ploced  On  Bus(Added) 

!  Execute  Pending  Assigneents 


/$$$ut**$n*u*$***r$***$$$$*$***$».$$*$$$iii$*******iiiiit$t:$$$$$$$**$/ 

T  =  11;  !  Clock  Cycle  11 

next;  !  Execute  Assignisent 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LDSN  s  lo; 

UDSN  =  lo; 
DBENABLE  «  hi; 
next; 


!  Phase  I  Of 
!  Clock  Cycle  11 
!  Assert  Address  Strobe 
Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enoble  Dota  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  11 
!  Execute  Pending  Assignments 


T  =  12;  !  Clock  Cycle  12 

next;  i  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  Id; 
while  DThCK'N  eql  hi 
( 

next; 

PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  1 

!  Of  ClocK  Cycle  12 
!  Wait  For  heinory  To  Ploce 
I  iiata  On  The  Bus 
!  Execute  Impending  Assigninents 

!  Phase  2 

!  Of  Clock  Cycle  12 
!  Execute  tHssignnents 


T  =  13;  !  Clock  Cycle  13 

next;  !  Execute  Assignment 

PHIl  =  hi;  !  Phase  1 

PHI2  =  lo;  !  Of  ClocK  Cycle  13 

DBI)S<1S;8>  =  MCABUS3;  !  Memory  Places  Instruction 

DBUS<7:0>  =  MCABUS  +13;  !  On  Date  Bus  And 

UTACKN  =  lo;  !  Asserts  ItTACKN< Added) 

next;  !  Execute  Pending  Assignments 


T  =  12  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  12 


next; 


!  Execute  Impending  Assignments 


/$$n4:**$$***$t**tt*$*i:U*$U******t**Ut*-*%**tlit*t$ttt*i:t*ttt$**t*/ 
T  =  13;  *  ClocK  Cycle  13 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXBBUF  =  DBUS; 


next; 


!  Phose  2 

!  Of  Clock  Cycle  13 
!  Instruction  On  Bata  Bus 
!  Is  Ploced  In  External  Doto 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/$tJl:U**U******U***$$*$**f$$********************$******W.*****$tt/ 
T  =  14;  !  ClocK  Cycle  14 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 
next; 

PHIl  s  lo; 
PHI2  =  hi; 
ASH  »  hi; 
LBSN  s  hi; 
UBSN  =  hi; 


!  Phase  1 

!  Of  ClocK  Cycle  14 
!  Execute  Pending  Assignments 

!  Phose  2 

!  Of  Clock  Cycle  14 
!  Beoctivate  Address  Strobe 
!  Beactivote  Lower  Bata  Strobe 
!  Beactivote  Upper  Bo to  Strobe 
!  Are  Placed  Into  Instruction 
!  Register 
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[I  r  AChN  —  h  i  r 

!  Beoctivote  Ii<3ta  TronsferCAdded) 

!  AcKnouledge 

PC  *  PC  +  2; 
next; 

!  Increnent  PC 

/)HUU$****-*$****$****$**$**:******-*>ft-*****i^tt********»$t*$****$***/ 

T  =  15; 
next; 

!  Clock  Cycle  IS 

PHIl  =  hi; 

i  Phose  1  Of 

PHI2  =  lo; 

!  Clock  Cycle  15 

uBus  =  oxffff; 

!  Place  Beta  Bus  In  High  Impedance 

RU  =  hi; 

!  Hemory  Read 

fiSENtSBLE  =  lo; 

!  Bisable  Address  Bus  Buffer 

BBENABLE  =  lo; 

!  Disable  Data  Bus  Buffer 

lABUS  =  tempmir; 

!  Place  TEHPABR  On  Internal  Address 
!  Bus 

next; 

!  Execute  Pending  Assignments 

PHil  =  lo; 

!  Phase  2  Of 

PHI2  =  hi; 

!  Clock  Cycle  15 

AIiENABLE  =  hi; 

!  Enable  Address  Bus  Buffer 

EXABUF  =  lABUS; 

!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 

FCMODE  =  SRHODE; 

!  User  hode 

FCSPACE  =  1; 

!  Accessing  Program 

TEMPAIiRHI  =  EXiiBUr; 

!  Store  High  Word  Of  Destination 

ABUS  -  lABUS; 

!  Address  Placed  On  Bus(Added) 

next; 

!  Execute  Pending  Assignments 

T  =  16; 

.<  Clock  Cycle  16 

next; 

!  Execute  Assignment 

PHil  =  hi; 

!  Phase  1  Of 

PHI2  =  lo; 

!  Clock  Cycle  16 

ASN  =  lo; 

>  Assert  Address  Strobe 

LDSN  =  lo; 

!  Assert  Lower  Doto  Strobe 

UBSN  =  lo; 

!  Assert  Upper  Data  Strobe 

DBENABLE  =  hi; 

!  Enable  Data  Bus 

next; 

!  Execute  Pending  Assignments 

PHil  =  lo; 

!  Phase  2 

PHI2  =  hi; 

!  Of  Clock  Cycle  16 

next; 

!  Execute  Pending  Assignments 

T  =  17; 

!  ClocK  Cycle  17 

next; 

!  Execute  Assignment 

PHil  =  hi; 
PHI2  =  lo; 


!  Phase  1 

!  Of  ClocK  Cycle  17 


Wait  For  Meiiory  To  Place 

Data  On  The  Bus 

Execute  Impending  Assignments 


while  DTACKN  eql  hi 
( 

next; 


pHii  =  lo; 

1 

Phose  2 

PH12  =  hi; 

! 

Of  ClocK  Cycle  17 

next; 

I 

Execute  Assignments 

T  =  18; 

!  ClocK  Cycle  18 

next; 

» 

Execute  Assignment 

PHII  =  hi; 

! 

Phase  1 

PHI2  =  lo; 

! 

Of  ClocK  Cycle  18 

DBUS<15:8>  =  rtCABUSi; 

! 

Memory  Places  Instruction 

DBUS<7:0>  =  HCABUS  +13; 

1 

On  Data  Bus  And 

DTACKN  =  lo; 

! 

Asserts  DTACKN(Added) 

next; 

! 

Execute  Pending  Assignments 

/t1;.*1i:**tt***t***t****tt**%*1li*ttt***tt*t*t****1l-t*'»i%*%t*1lit**t%/ 

T  =  17 

! 

!  Return  To  Phase  2 

); 

next; 

! 

Of  ClocK  Cycle  17 

! 

Execute  Impending  Assignments 

/tt*%%*t*t****t*t%**t************t**ttt*tt***t***tilitti**t*itt**ttt*t/ 

T  *  18; 

! 

!  ClocK  Cycle  18 

fieXt; 

! 

Execuire  nssxgnmen'c 

PHII  =  lo; 

! 

Phose  2 

PHI2  =  hi; 

! 

Of  ClocK  Cycle  18 

EXDBUF  =  DBUS; 

! 

! 

1 

Instruction  On  Data  Bus 

Is  Plocec  In  External  Doto 

Bus  Buffer 

next; 

f 

Execute  Pending  Assignments 

T  =  19;  !  ClocK  Cycle  19 

next; 

! 

Execute  Assignment 

Phil  =  hi; 

• 

Phase  1 

PHI2  =  lo; 

! 

Of  ClocK  Cycle  19 

DTEMP  =  EXDBUF; 

j 

! 

1 

The  Contents  Of  The  External 
Data  Bus  Buffer  Are  Placed 

In  Temporary  Register 

next; 

! 

Execute  Pending  Assignments 

PHII  =  lo; 

! 

Phose  2 

PHI2  =  hi; 

! 

Of  ClocK  Cycle  19 

ASH  «  hi; 

! 

Deoctivate  Address  Strobe 

LDSN  s  hi; 

! 

Deactivate  Lower  Data  Strobe 

UDSN  -  hi; 

! 

j 

Deoctivote  Upper  Data  Strobe 
Are  Placed  Into  Instruction 

DTlSCKN  =  hi? 


!  Register 

!  Deoctivote  Poto  T ronsferC Added ) 
!  AcKnowlsdqe 


next; 


T  =  20;  !  Clock  Cycle  20 

next; 


PHIl  =  hi; 

PHI2  =  lo; 

DBUB  =  Oxffff; 
RW  =  hi; 

ADEN ABLE  =  lo; 
DFENABLE  =  lo; 
I ABUS  =  pc; 

next; 


!  Phase  1  Of 
f  Clock  Cycle  20 

!  Place  Data  Bus  In  High  Ipipedance 
!  Nemory  Reod 

!  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 

ADEN  ABLE  =  hi*. 
EXABUF  =  I ABUS ; 

FCMODE  =  SRMODE; 
FCSPACE  =  2; 

ABUS  =  I ABUS ; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  20 
!  Enable  Address  Bus  Buffer 
!  Gote  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Node 
!  Accessing  Program 
!  Address  Placed  On  Bus(Added) 

!  Execute  Pending  Assignments 


T  =  2i;  !  Clock  Cycle  21 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
DBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  21 
!  Assert  Address  Strobe 
!  Assert  Lower  Date  Strobe 
!  Assert  Upper  Doto  Strobe 
!  Enoble  Dote  Pus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  21 
f  Execute  Pending  Assignments 


T  =  22;  !  Clock  Cycle  22 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

while  DTACKN  eql  hi 


!  Phase  1 

!  Of  Clock  Cycle  22 
!  Wait  For  Memory  To  Place 
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*  B  * 


s 


< 

next} 


!  Dato  On  The  Bus 
!  Execute  Inipending  Assigiiiiients 


PHIl  =  10} 
PHI2  =  hi} 
next} 


!  Phase  2 

!  Of  ClocK  Cycle  22 
!  Execute  ftssigneients 


T  =  23} 
next} 

PHIl  =  hi} 

PHI2-=  10} 

riBUS<15:8>  =  MCABUSl} 
DEiUS<7;0>  =  MCABUS  +  13} 
DTACKN  =  10} 
next} 


!  ClocK  Cycle  23 
!  Execute  Assignnient 

!  Phase  1 

!  Of  Clock  Cycle  23 
!  Meniory  Places  Instruction 
>  On  Bata  Bus  And 
!  Asserts  LiTACKN( Added) 

!  Execute  Pending  Assignitents 


T  =  22  !  Return  To  Phase  2 

!  Of  Clock  Cycle  22 

)} 

next}  !  Execute  Iiipending  Assigniuents 


T  =  23}  !  ClocK  Cycle  23 

next}  !  Execute  Assignikent 


PHIl  =  lo} 

PHI2  =  hi} 
EXBBUF  =  DBUS} 


next} 


!  Phase  2 

!  Of  Clock  Cycle  23 
!  Instruction  On  Beta  Bus 
)  Is  Ploced  In  External  Doto 
!  Bus  Buffer 

>  Execute  Pending  Assigneents 


T  =  24}  !  ClocK  Cycle  24 

next}  !  Execute  Assigniient 


PHIl  =  hi}  !  Phase  1 

PHI2  =  lo}  !  Of  ClocK  Cycle  24 

TEMPABRLOW  =  EXBBUF}  !  The  Contents  Of  The  External 

!  Data  Bus  Buffer  Are  Placed 
!  In  Tenporary  Register 

next}  !  Execute  Pending  Assigninents 


PHIl  =  lo} 
PHI2  =  hi} 
ASH  =  hi} 
LDSH  =  hi} 
UBSN  =  hi} 


!  Phose  2 

!  Of  ClocK  Cycle  24 
!  Beactivote  Address  Strobe 
i  Deactivote  Lower  Beta  Strobe 
!  Deactivate  Upper  Bate  Strobe 
}  Are  Placed  Into  Instruction 
!  Register, 


DTACKN  =  hi; 


Deactivate  Data  Tronsfer( Added) 

AcKnowledge 

Increikent  PC 


PC  =  PC  +  2; 
next; 


T  =  25;  !  Clock  Cycle  25 

next;  !  Execute  Previous  Assignoient 


PHIl  =  hi; 

PHI2  =  lo; 

RW  =  hi; 

ADEN ABLE  =  lo; 
DBUS  =  Oxffff; 

DDENABLE  =  lo; 

lABUs  =  tehpadr; 


next; 


!  Phase  1  Of 
!  Clock  Cycle  25 
!  hetiory  Read 

!  Disable  Address  Bus  Buffer 
!  Date  Bus  Returned  To  High 
!  liiipedonce  State 
!  Disable  Data  Bus  Buffer 
!  Place  TEMPADR  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
FCrtODE  =  srmode; 
FCSPACE  =  1; 
EXABUF  =  I ABUS ; 
IDBUS  =  DTEMP; 

ABUS  =  lABUS; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  25 
!  Enable  Address  Bus  Buffer 
I  User  Mode 
!  Accessing  Program 
!  Gate  Internal  Address  Bus 
!  Place  Low  Word  from  DTEMP  On 
!  Internal  Dota  Bus 
•  Address  Placed  On  Bus(Added) 

!  Execute  Pending  Assignments 


T  =  26;  !  Clock  Cycle  26 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

Ru  =  lo; 

EXDBUF  =  IDBUS; 

SftCARRY  =  lo; 
SROVER  =  lo; 
SRZERO  =  lo; 
SRNEG  =  lo; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  26 
!  Assert  Address  Strobe 

!  Ploce  Contents  Of  Internal 
!  Dota  Bus  Into  External  Data  Buffer 
!  Reset  Condition  Code  Bits 


!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
if  EXDBUF  eql  0 
SRZERO  =  hi; 
DBUS  =  EXDBUF; 
DBENABLE  »  hi; 


!  Phase  2 

!  Of  Clock  Cycle  26 
!  Set  Zero  Condition  Bit  If  Needed 

!  Place  Data  On  External  Data  Bus 
!  Enable  Date  Bus 
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next; 


!  Execute  Pending  ftssigniients 


/t**t***t*%**t%tt*ii^*tt*t**tt*tttt*t**t*%**t*tt*tt*ttt**tt*%tt*tt*t/ 

T  =  27;  !  ClocK  Cycle  27 

next;  '  Execute  Assignnent 


PHIl  =  hi; 

PHI2  =  lo; 
if  EXD£tUF<15> 

SPNEC  =  hi; 
unsN  =  lo; 

LUSN  =  lo; 

tuoit  =  o; 

next; 

while  DTftCKN  eql  hi 
( 

twoit  =  tuoit  f  i; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  27 
!  Set  Negative  Condition  Pit 
•  If  Needed 
!  Activote  Upper  And 
!  Lower  Dote  Strobes 

>  Wait  Cycle  Counter  Initiolized 

!  Wait  For  Meiiory  To  Place 

>  Data  On  The  Dus 

!  Increment  Wait  Cycle 
!  Execute  Impending  Assignuents 


PHll  =  lo; 
PHI2  =  hi; 
next; 


*  Phase  2 

!  Of  Clock  Cycle  27 
!  Execute  Assignuents 


/tt*$******t*t*******t%**t*tt*t*tt*t*tt*tttt*t%*tt*t******tt/ 
T  =  28;  !  Clock  Cycle  28 

next;  !  Execute  Assignikent 


PHIl  =•  hi; 

PHI2  =  lo; 
if  twait  eql  2 
( 

ttCABUST  =  IiBUS<lS;8>; 

AC  ABUS  +  13  =  iiBus<7;o>; 
DTACKN  =  lo 
); 

next; 


!  Phase  1 

!  Of  Clock  Cycle  28 
!  Heiiory  Responds  After  2  Cycles 

!  Store  Data  Fron  Bus 
!  In  Hemory 

!  Asserts  DTACKN (Added) 

!  Execute  Pending  Assignments 


T  =  27  !  Return  To  Phase  2 

!  Of  Clock  Cycle  27 

); 

next;  !  Execute  Impending  Assignments 


T  =  28;  !  Clock  Cycle  28 

next;  !  Execute  Assignment 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phose  2 

>  Of  Clock  Cycle  28 
!  Execute  Pending  Assignments 


/$t**$**$**$*$*$******t*****t***t*t*t*ttttt*ttWttt*t*ttM*ttt*t*t/ 

1  =  29;  !  Clock  Cycle  29 


next; 


.<  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  29 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
ASH  -  hi; 
LDSN  =  hi; 
UDSN  =  hi; 
UTACKN  =  hi; 

next; 


!  Phase  2 

•  Of  Clock  Cycle  29 
!  Deactivate  Address  Strobe 
>  Deactivate  Lower  Dato  Strobe 
!  beactivote  Upper  Data  Strobe 
!  Deactivate  Data  Transfer 
!  Acknowledge<Added) 

!  Execute  Pending  Assignments 


T  =  30;  !  Clock  Cycle  30 

next; 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS  =  Oxffff; 
ftU  =  hi; 
ADENABLE  =  lo; 
DBENABLE  =  lo; 

I ABUS  =  pc; 

next; 


•  Phose  1  Of 
f  Clock  Cycle  30 

!  Ploce  Date  Bus  In  High  Impedance 
!  Memory  Reod 

!  Disable  Address  Bus  Buffer 
!  Disable  Doto  Bus  Buffer 
!  Ploce  PC  On  Internal  Address 
i  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  lABUS; 

FCHODE  =  SRMODE; 
FCSPACE  =  2; 

ABUS  -  lABUS; 
next; 


!  Phose  2  Of 
.•  Clock  Cycle  30 
!  Enable  Address  Bus  Buffer 
!  Sate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
t  User  Mode 
!  Accessing  Program 
!  Address  Placed  On  Bus (Added) 

!  Execute  Pending  Assignments 


T  =  3i;  !  Clock  Cycle  31 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  s  lo; 

LDSN  -  lo; 

UDSN  =  lo; 
DBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  31 
!  Assert  Address  Strobe 
!  Assert  Lower  Doto  Strobe 
!  Assert  Upper  Doto  Strobe 
!  Enable  Doto  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 


!  Phase  2 


!  Of  Clock  Cycle  31 
!  Execute  Pending  Assigniients 


PHI2  =  hi; 
next; 


T  =  32;  !  Clock  Cycle  32 

next;  !  Execute  Assigniient 


PHIl  =  hi; 

PHI2  =  lo; 
while  DT/iCKN  egl  hi 
( 

next; 


*  Phase  1 

!  Of  Clock  Cycle  32 
!  Wait  For  Heaory  To  Place 
!  Data  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next ; 


!  Phose  2 

!  Of  Clock  Cycle  32 
!  Execute  Assignments 


/lf.t***ttt*tt**ttt***ttt**tw**t*tttwt*tt**t*t*ttt***t**tt/ 


T  =  33; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

IiBUS<15;0>  =  HCABUSi; 
DBUS<7J0>  =  MCABUS  +13; 
dtackn  =  lo; 
next; 


!  Clock  Cycle  33 
>  Execute  Assignment 

■  Phase  1 

!  Of  Clock  Cycle  33 
!  Heiiory  Places  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKNt Added) 

!  Execute  Pending  Assignments 


/t**tt*t**tt*tt***%*tt*******t**t*ttt*ri-t*tt$*t.%*t%*tt*t*t*tt/ 

T  =  32  !  Return  To  Phase  2 

!  Of  Clock  Cycle  32 

); 

next;  !  Execute  Impending  Assignments 


/tt**t****t**tt**t**t*ii.t*****t**t*tttt***t*t*iitt*ttt*$t****$*lii$*9it/ 

T  =  33;  !  Clock  Cycle  33 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  33 
*  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/t*%*%***%t**********%***tt*%*tttt%tt%%*t*1itttw**t*t*%t%%t*ttttt/ 
T  =  34;  !  Clock  Cycle  34 

next;  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 

PFR  =  EXDBUF; 


!  Phase  1 

!  Of  Clock  Cycle  34 
!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Placed 


next; 


FHIl  -  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LDSN  =  hi; 
UDSN  =  hi; 


LiTACKN  =  ni; 

ift  =  pfr; 

PC  =  PC  +  2; 
next; 

T  =  0 
) 


( 

SRhODE  =  lo; 

Ift<15:8>  =  HCPC3; 
iR<7;o>  =  MCPC  +  n; 
next; 

PC  *  PC  +  2; 

T  =  5; 

next; 

T  =  0 
) 


!  In  Prefetch  Register 
i  Execute  Pending  Assignbents 

!  Phase  2 

<  Of  ClocK  Cycle  34 
!  Deactivote  Address  Strobe 
■  Iieoctivote  Lower  I>ota  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Are  Placed  Into  Instruction 
!  Register 

!  Deactivate  Data  Transfer (Added) 
!  Acknowledge 

f  Load  Instruction  Register 
!  With  Prefetch  Register 
!  Increment  PC 


!  AND.U  *iDFFF»SR 

•  Effect  Of  Instruction 
Prefetch  Next  Instruction 

!  Is  To  Set  Status  Register 
!  Increment  Program  Counter 
!  Supervisor  Bit  To  User 
!  Node 

!  Requires  6  Clock  Cycles 


< 


•  JNP  (AO) 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS  =  oxffff; 
RW  =  hi; 
ADENABLE  =  lo; 
DBENABLE  -  lo; 

I ABUS  =  pc; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  0 

<  Ploce  Dato  Bus  In  A  High  Impedance 
!  Hemory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  «  hi; 
EXABUF  B  I ABUS ; 


!  Phose  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Cote  Internal  Address  Bus 
*  Into  External  Address  Buffer 
!  User  Node 


FCHODE  «  SRHODE; 


FCSF-ftCE  =  2; 
nextr 

ABUS  =  EXABUFi 
next; 


!  Accessing  Frograk 
!  Execute  Pending  Assign«ents 
>  Address  Placed  On  Bus< Added) 
!  Execute  Pending  Assignkents 


T  =  1; 
next} 


Clock  Cycle  1 
Execute  Assigntient 


PHIl  =  hi} 

PH12  =  lo} 

ASN  =  lo} 

LDSN  =  lo} 

UDSN  =  lo} 
lABUS  =  AC03} 

DBENABLE  =  hi} 
next} 


!  Phose  1  Of 
!  Clock  Cycle  1 
<  Assert  Address  Strobe 
!  Assert  Lower  Bata  Strobe 
!  Assert  Upper  Bata  Strobe 
!  Hove  Jump  Address  Frok  AC03 
!  To  Internal  Address  Buffer 
.<  Enable  Bata  Bus 
!  Execute  Pending  Assignaents 


PHIl  =  lo} 
PHI2  =  hi} 
PC  =  I ABUS} 

next} 


!  Phase  2 

!  Of  Clock  Cycle  1 
!  Place  Jukp  Address  Into  Program 
!  Counter 


T  =  2} 
next} 


Clock  Cycle  2 
Execute  Assigneent 


PHIl  -  hi} 

PHI2  =  10} 
while  DTACKN  eg  I  hi 
< 

next} 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  heeory  To  Ploce 
!  Bota  On  The  Bus 
!  Execute  Ikpending  Assignuents 


PHIl  =  lo} 
PHI2  =  hi} 
next} 


!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  Assignkents 


/*tt*%i(.***’iii********tt**i(t*M*%****%**.*tt**t**tt**$tt****ttttt/ 


T  =  3} 
next} 

PHIl  =  hi} 

PHI2  =  10} 

IiBUS:i5:8>  =  HtABUSD} 
DBUS<7;0>  =  HCABUS  +13} 
BTACKN  =  10} 
next} 


f  Clock  Cycle  3 
!  Execute  Assigneent 

\  Phose  1 

>  Of  Clock  Cycle  3 
*  Hekory  Places  Instruction 
!  On  Bota  Bus  And 
!  Asserts  DTACKN( Added) 

!  Execute  Pending  Assignkents 


T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 


next; 


!  E-xecute  loipending  AssigniiE^nts 


T  =  3; 

!  Clock  Cycle  3 

next; 

!  Execute  Assignaent 

PHIl  =  lo; 

!  Phase  2 

PHI2  =  hi; 

!  Of  Clock  Cycle  3 

EXDbUF  =  DBUS; 

!  Instruction  On  Data  Bus 

next; 

!  Is  Placed  In  External  Data 
!  bus  Buffer 

!  Execute  Pending  Assignments 

T  =  4; 

!  Clock  Cycle  4 

next; 

!  Execute  Assigniient 

PHI]  =  hi; 

!  Phase  1 

PHI2  =  lo; 

!  Of  Clock  Cycle  4 

next; 

PFR  =  exdbuf; 

!  The  Contents  Of  The  External 

next; 

!  Data  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 

PHIl  =  lo; 

!  Phase  2 

Prill’  =  hi,* 

Of  Clock  Cycle  4 

ftSN  »  hi; 

!  Deactivate  Address  Strobe 

LDSN  =  hi; 

!  Deactivote  Lower  Data  Strobe 

unsN  =  hi; 

!  Deoctivote  Upper  Date  Strobe 

IiTACKN  -  hi; 

!  Deactivate  Dota  Tronsfer 

!  AcknowledgetMded) 

next; 

/tt*t*****ttttt*****t*%**%****v.*t*t***t%**t%*%**t**t*t$$*$**t$**t*/ 

T  =  5; 

!  Clock  Cycle  5 

next; 

!  Execute  Previous  Assignment 

PHIl  »  hi; 

!  Phase  1  Of 

PHI2  =  lo; 

!  Clock  Cycle  5 

RW  -  hi; 

!  hemory  Read 

AIiEN^bLE  -  lo; 

!  Disable  Address  Bus  Buffer 

UBENiMlLE  -  lo; 

!  Disable  Date  Bus  Buffer 

lABUS  =  Pc; 

!  Ploce  PC  On  Internal  Address 

next; 

!  Bus 

!  Execute  Pending  Assignments 

PHIl  =  lo; 

!  Phase  2  Of 

PHI2  *  hi; 

!  Clock  Cycle  5 

ADENABLE  =  hi; 

Enable  Address  Bus  Buffer 

FCMOUE  =  brmdde; 

!  User  Mode 

FCSPACE  =  2; 

!  Accessing  Program 

EXAHUF  =  I ABUS ; 

!  Gate  Internal  Address  Bus 

next; 

!  Into  External  Address  Buffer 

isBus  =  exabuf; 

!  Address  Placed  On  Bus(Added) 

next; 

1  Execute  Pending  Assigneents 

T  =  6; 

!  Clock  Cycle  6 

next; 

!  Execute  Assigniient 

PHIl  =  hi; 

!  Phase  1  Of 

PHI2  =  lo; 

!  Clock  Cycle  6 

ASN  =  lo; 

!  Assert  Address  Strobe 

LBSN  =  lo; 

1  Assert  Lower  Bata  Strobe 

unsN  =  lo; 

!  Assert  Upper  Bata  Strobe 

DBENABLE  =  hi; 

!  Enoble  Boto  Bus 

next; 

!  Execute  Pending  Assignuents 

pHii  =  lo; 

!  Phase  2 

PHI2  =  hi; 

!  Of  Clock  Cycle  A 

next; 

!  Execute  Pending  Assigneents 

T  =  7; 

!  Clock  Cycle  7 

next; 

!  Execute  Assignikent 

PHIl  =  hi; 

!  Phase  1 

PHI2  =  lo; 

!  Of  Clock  Cycle  7 

while  UTACKH  eq]  hi 

!  Woit  For  Hefcory  To  Place 

( 

!  Boto  On  The  Bus 

next; 

!  Execute  Impending  Assignutents 

PHIl  *  lo; 

!  Phase  2 

PHI2  =  hi; 

!  Of  Clock  Cycle  7 

next; 

!  Execute  Assignments 

/U*****$*t*$*t*t**tt**t*tt****%*****1i***********t*t**t*Tf%%t/ 

T  =  8; 

!  Clock  Cycle  8 

next; 

!  Execute  Assignment 

PHIl  =  hi; 

!  Phase  1 

PHI2  =  lo; 

!  Of  Clock  Cycle  8 

IiBUS<15;8>  =  MCABUSi; 

!  Heeory  Places  Instruction 

ltBUS<7;0>  =  ME  ABUS  +13; 

!  On  Bata  Bus  And 

DTACKN  =  lo; 

!  Asserts  DTACKNtAdded ) 

next; 

!  Execute  Pending  Assignments 

T  =  7 

); 

next; 

!  Return  To  Phase  2 
!  Of  Clock  Cycle  7 

!  Execute  Impending  Assignments 

T  =  b; 

!  Clock  Cycle  8 

next; 


*  Execute  AssiQnaent 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUr  =  DBUS; 


next; 


!  Phase  2 

»  Of  ClocK  Cycle  8 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  ftssignuents 


T  =  9; 
next; 


!  ClocK  Cycle  9 
!  Execute  Assigribent 


PHIl  =  hi; 
PHI2  =  lo; 

pFft  =  exdbuf; 


next; 


>  Phase  1 

!  Of  ClocK  Cycle  9 
!  The  Contents  Of  The  External 
!  Dota  Bus  Buffer  hre  Ploced 
!  In  Prefetch  Register 
!  Execute  Pending  Assignoients 


PHIl  =  lo; 
PH12  =  hi; 
ASH  =  hi; 
LUSH  s  hi; 
UDSN  -  hi; 

PC  =  PC  +  2; 
IR  =  pfr; 


DTACKH  =  hi; 

next; 

T  =  0 
) 


>  Phose  2 

!  Of  ClocK  Cycle  9 
!  Deoctivate  Address  Strobe 
!  Deactivote  Lower  Dato  Strobe 
!  Deactivate  Upper  Dota  Strobe 
!  Increiient  Prograe  Counter 
•  Ploce  Contents  Of  Prefetch 
■  Register  Into  Instruction 
!  Register 

!  Deactivote  Dote  Transfer 
!  AcKnowledge( Added) 

!  Execute  Pending  Assignments 
!  Reset  ClocK  Cycle  Counter 


decode  execute  prefetch 

( 

case  IR 

0x33f9:  move 
047320;  jmp 
0x027c;  andi 


esac 

) 


!  H0UE»U  $2004,S2008 
•  JHP  (AO)  If  IR  «  Octal  Value 
!  AND.U  *$DFFF,5R 


main  :  = 

( 

power_on. initialize; 
fetch_initial_instructioft ; 
while  READY  eql  hi 
( 

decode  execute  prefetch 


/t%%.%t:i%t^****t*%%*****t*^-^*%***t**tt'll-^%**riitt1l.tt*t*%tt%*t%t*%t*-%*t**t***/ 

ft  %/ 

/%  rtOTOROLA  MC68000  MODEL  OF  THE  MOVE.W  ♦t5555,ril  INSTRUCTION  */ 
/%  %/ 

/%%i%xxt%x%xx%%x%xxxxxt%xx%xtxx%ttx%%xxxxxxxxxxtxxx%%%%%%xx%%txx%x%%%%%t/ 

/X  %/ 

ft  structure  Declurotions  %/ 

/%  »/ 

/xxxxxxxxxxxxxxxxxxtxxtxxxxxxxxtxxxxxtxxxtxxxxtxxxxxxxtx-xxxxxtxxxxxttxtt/ 

Sitote 

/xxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxtxxxxxxxxttxtxxxtxtxxxtxtxxxtxttxxxttxx/ 

/%  %/ 

/%  M68000  Progranihing  Fiegisters  %/ 

/X  t/ 

/xxxxxxxxxxxxxxxxxxtxxxtxxxxxxxxxxxxtxxxttxxxxxxxxxtxxxtxxtxxtxtxxxxxtxx/ 


DCo:7].:3i:o>, 

AC0;6K3i:0>, 

UM7<3i:0>, 

SA7<3r.0>, 

PC<3i:o>, 

L';'a5:o>, 


8  Dota  Registers 
7  Address  Registers 
User  Stack  Pointer 
Systeft  Stack  Pointer 
Program  Counter 
Status  Register 


/xxxxxxxxxxtxxxxxxxxxxxxxxxxtxxxxxttxtxtttxttxtxttttttxttxtxtxxxxxxttxxx/ 
/»  »/ 
/>  Temporary  Internol  Registers  %/ 


/xxxxxxxxxxxxtxxttxtxxttxttxxxxttxtttxtxttxttxttxttttxttttxttttxtttttxtt/ 


PFR<15;0>, 

IR<l5:0>r 


EXfi6LIF<l5:0>, 

EXADUF<23;i>, 

ALUDUFK31!0>, 

ALUiiUF2  ;3i;o>f 

DTEMP<15:0>, 

iiisr;EG<3i:o>, 

SftT£MP<15:0>, 

IRTEMP<15;0>, 

T£MPAriR<3i:0>, 

ACTYPE<15;0>, 

VECADR<23:0>, 


Prefetch  Register 
Instruction  Register 

Function  Code  Register 
External  Date  Bus  Buffer  Register 

External  Address  Bus  Buffer  RegisterCchanged) 

ALU  Buffer  1 

ALU  Buffer  2 

Temporary  Bato  Storage 

lemporary  Displacement  Storage 

Temporory  Stotus  Register  Storage 

<E>:ception  Processing) 

Temporary  Instruction  Register  Storoge 
(Exception  Processing) 

Temporary  Cycle  Address  Storage 
(E>;ception  Processing) 

Temporary  Access  Type  Storoge 
(Ev.ception  Processing) 

Temporary  Vector  Address  Storage 
(Exception  Processing) 


HANADR<3i:0>, 


T<7;o>, 

RESET, 

HnLT, 

RU, 

AHENABLE, 

DBENARLE, 

ASN, 

LDSN, 

UliSN, 

IiTACKN, 

GOUT, 

EXCEPT, 

REAI'Y, 


!  Temporary  Address  Storage  For 
!  Ewceptioii  Handler  Routine 
!  ClocK  Cycle  Counter 
Reset  Flip-Flop 
Halt  Flip-Flop 
Read/Urite  Flip-Flop 
Address  Rus  buffer  Enable 
Itato  bus  buffer  Enable 
Address  Strobe  Flip-Flop 
Lower  bata  Strobe  Flip-Flop 
Upper  Data  Strobe  Flip-Flop 
bata  Transfer  Acknowledge  Flip-Flop 
Carry  Flip-Flop 

£>;ception  Processing  Flip-Flop 
Ready  Flip-Flop 


/»  t/ 

/%  hodel  transforgiation  modifications!  %/ 
/%  %/ 
/%  1)  CbL  decoder  structure  nonexistent  in  ISP'  and  un-  %/ 
/%  necessary  for  model*  Eliminated*  %/ 
/»  2)  Multi-phase  clock  structure  nonexistent  in  15P'.  %/ 
/%  Operations  on  registers  will  provide  its  equivalent,  tJ 
/*  3)  Switch  structure  nonexistent  in  ISP' ,  Operation  on  o  */ 
/»  register  will  provide  its  equivalent* 

/»  4)  The  declared  bus  structures  are  modeled  with  registers  t/ 
/%  without  loss  of  model  uccurracy*  This  done  to  maintain  model  %/ 
/%  equivalency  and  simplicity*  %/ 
/%  S)  The  memory  word  length  was  reduced  from  la  to  8  bit  t/ 
/%  worus  to  coincide  with  the  ECb's  32-Kbyte  memory,  to  ogvee  withV/ 
f%  their  PC  incrementation,  and  to  enoble  the  use  of  existing  %/ 
/%  MC6BOOO  assembler  and  linKer/loader  models*  The  meiiory  was  »/ 
/%  also  reduced  from  8  Mwords  to  32  Kbytes*  %/ 
/%  %/ 


iAbus<3i:o>, 
IDBUS<31tO>, 
twait<7;0>, 
SWITCH, 
f  Hll, 

PHI2J 


I  Internal  Address  Bus 
!  Internal  boto  Bus 
!  Wait  Cycle  Counter 
Power  Switch 

Phase  1  Of  Two-F’hase  ClocK 
Phase  2  Of  Two-Phose  ClocK 


port 


/»  %/ 

/%  External  Address  ond  Bata  Bus  ¥/ 

/»  %/ 


IiBUS<i5;0>, 


!  External  Bata  Bus 


ABUB<23:i>; 


!  E'/ternul  Address  BusCchonged) 


foriuat 


/*  %/ 

/%  Fiegister  Bubfieids  %/ 

/%  %/ 


PCADDR 

= 

PC<23:0>, 

SRTRACE 

= 

SR<15>, 

SRMODE 

= 

SR':i3:-. , 

SRCARRY 

- 

SR<o:; , 

SROVER 

SR<1>, 

BRZERO 

= 

SR<2>, 

SRNEG 

= 

SR<3>r 

BREX 

= 

SR;4>, 

SRMASK 

SR<io:8.; , 

FCSPACE 

= 

Fca;o>, 

FCMOHE 

= 

FC<2>, 

PCLCIU 

= 

pc<ib:o>, 

PCHI 

= 

PC'-CSIJU.: , 

DOLWORli 

S 

IIL03<15:0>, 

t'lLUORB 

s 

rici3<if>:o>, 

D2LW0RB 

= 

IIC23  :i5;o>, 

£i3LU0RB 

= 

UC33<15:C>, 

L<4LU0RB 

= 

rit43<is:0^, 

hsluoru 

s 

IiC53<15:0>, 

BoLUORIi 

= 

IiC63<.lB 

BZLUORB 

s 

riC73<l5;o:;, 

I'lSREGHWORB 

s 

iaSREG<2i:i6>, 

DISREGLUORIi 

= 

DISR£&<15;0>, 

HANAIiRLOU 

s 

HANA[iR<15:0>, 

HANABRHI 

= 

HANADR <31 :i6>, 

TEMPAliRLOW 

= 

TEMPADR<15;0>, 

TEMPADRHI 

TEMPADR<31:16> 

Prograni  Counter  Address  Field 
Trace  Bit 

Mode  Selection  Bit 
Carry  Bit 
Overflow  Bit 
Zero  Bit 
Negative  Bit 
Extend  Bit 
Interrupt  MosK 
hetkory  Access  Address  Space 
User/Supervisor  Mode  Bit 
PC  Low  Word 
PC  High  Word 
BC03  Low  Word 
DCl]  Low  Uord 
liC23  Low  Uord 
BC33  Low  Word 
11143  Low  Word 
BCS3  Low  Uord 
IiC63  Lou  Uord 
BCZT  Low  Uord 
BISREC  High  Uord 
BISREG  Low  Uord 
HANABR  Low  Word 
HANADR  High  Word 
TErtPADR  Low  Uord 
;!  TEMPADR  High  Word 


meikory 


/»  */ 

/%  16K  16-Bit  Word  Internal  hestory  %/ 

/%  %/ 


MLO :  327673':?  :o>; 


macro 

/»  t/ 

/X  Logic  Level  hocros  %/ 


C-258 


r. - 


/%  %/ 


lo 

= 

0 

1, 

hi 

= 

1 

i, 

off 

= 

0 

i  r 

on 

= 

1 

&  > 

clear 

= 

0 

&; 

/*  %/ 

/%  Power  On  and  Initialization.  This  process  was  not  Biodeled  but  is  %/ 
/%  added  to  initialize  signals  and  registers.  %/ 

/*  %/ 


power_on_initialize  5= 

( 

SUITCH  =  on; 
next; 

READY  =  lo; 

RESET  =  lo; 
delaydOO) ; 

RESET  =  hi; 
next; 

ASN  =  hi; 

LDSN  =  hi; 

UDSN  =  hi; 

DTACKN  =  hi; 

RW  =  hi; 

DDUS  =  Oxffff; 
MCOxlOOel  =  Oxff; 
HCOxiOOfD  =  Oxff; 
HALT  =  hi; 

T  =  o; 

READY  =  hi; 


!  Turn  Power  On 
!  Execute  Assignment 
!  System  Not  Reody 
!  Assert  Reset  For 
!  100  Miliseconds(Active  Low) 

!  Deactivote  Reset 
!  Execute  Pending  Assignments 
!  Initialize  Address  Strobe 
!  Initialize  Lower  Data  Strobe 
!  Initialize  Upper  Dote  Strobe 
!  Initialize  Data  Transfer  Acknowledge 
!  Initialize  Read/Urite(Read  On  High) 

<  Place  Data  Dus  In  High  Impedance  Stote 
!  Place  Hemory  Locations  Following  The 
!  JMP  Instruction  In  A  High  State 
!  Initialize  Halt  Flip-Flop (Active 
!  Low) 

!  Initialize  Clock  Cycle  Counter 


READY  =  hi;  !  System  Ready 

/$$$$»:]l:*ii4:**$*$**$**il:**$**f^***t$*********$**$*$»:*$$*$*$*9***$*t*/ 

/%  %/ 

/%  Routine  Initialization  Per  Hornby  and  Guillory  %/ 

/*  */ 

At03  =  0x1004;  !  Place  Hex  1004  Into  ACOI 

PC  =  0x1000 ;  !  Piece  Hex  1000  Into  Program  Counter 

next  !  Execute  Assignments 


/t  X/ 
/%  Initial  Fetch  Cycle.  This  cycle  was  not  modeled  but  is  necessary  %/ 
/%  to  retrieve  modeled  instructions  for  simulotion  and  analysis.  It  %/ 
/%  was  fashsioned  from  the  Read  Cycle  described  by  Hamby  and  Guillory  %/ 


/X  on  page  VI-15  of  their  thesis. 


C-2b9 


•  •  •  •  ■  • 


»  ”•  •  •_»  *  •  *_•  *  *  "j*  *  •  *  jp 


■V 


/»  »/ 

/tt*t***t*****t*****t*%t*%tttt*t***t*t**tt***tt*********t%ti%t'f**t1i.t%t*U/ 


fetch  initial  instruction  J= 
"( 


levee*: !(:«»:  IT 


PHIl  =  hi; 

PHI2  =  lo; 

RU  =  hi; 
AIiENABLE  =  lo; 
DBENABLE  =  lo; 
I ABUS  =  PC; 


next; 


!  Phase  1  Of 
!  ClocK  Cycle  0 
*  Meiiory  Reod 

!  Bisable  Address  Bus  Buffer 
!  Disable  Date  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  E  xecute  Pending  Assignoients 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  I ABUS ; 

FCHODE  =  SRMOBE; 
FCSPACE  =  2; 
next; 

ABUS  =  EXABUF ; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
<  User  node 
!  Accessing  Progroik 
!  Execute  Ikpending  Assignaients 
!  Address  Ploced  On  Bus (Added) 

!  Execute  Pending  Assignitents 


/VKVVVVVVVVVVVVVVVVVVVVVVVVVVyVVVVVVVVVVVVVVVVVVVVVVVVVVfVVVVVVVVV/ 
T  =  1;  !  ClocK  Cycle  1 

next;  !  Execute  Assigniient 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LUSH  =  io; 

UBSN  =  lo; 
DBENABLE  =  hi; 
next; 


!  Phose  1  Of 
>  ClocK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Bato  Strobe 
!  Enable  Doto  Bus 
!  Execute  Pending  Assignnents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  1 
!  Execute  Pending  Assignments 


/KvvvyyvvyvvvvyvviKvvvxvmvvvvvicvmvmvvvvvxvvvxvvvvvvvyvttmtEt/ 

T  =  2;  !  ClocK  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  BTACKN  eql  hi 
( 

next; 


!  Phose  1 

!  Of  ClocK  Cycle  2 
!  Wait  For  Hemory  To  Place 
!  Bata  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lof 
PHI2  =  hi; 
next; 


!  Phose  2 

!  Of  ClocK  Cycle  2 
!  Execute  iSs&ignkents 


/r^ititt»***^***i**********t*t)(-ii*.t**t*t*it‘**9i*i($**f*t»i****)(***$**/ 

T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  /Sssignhent 


PHIl  =  hi; 

PHI2  =  lo; 

Deus<i5;8>  =  MCrtDusi; 
IiBUS<75  0>  =  HtABUS  +13; 
lifhCKN  =  lo; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  3 
!  heiiiory  Ploces  Instruction 
!  On  Bata  Bus  hnd 
!  Asserts  DTACKN(Added ) 

!  Execute  Pending  Assignments 


/$::f:tit;tit$9:*$U$***$**if*i:$**if***$$****$***il‘***U****$$$*itii****/ 

T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

); 

next;  !  Execute  Impending  Assignments 


T  =  3; 
next; 


Clock  Cycle  3 
Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hx,* 
EXUBUF  =  HBUS; 


next; 


!  PIvase  2 

?  or  Clock  Cycle  3 
!  Instruction  On  Bata  Bus 
!  Is  Placed  In  External  Dato 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  4; 
next; 


Clock  Cycle  4 
Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 

PFR  =  EXUBUF ; 


next; 


!  Phase  4 

!  Of  Clock  Cycle  4 
!  The  Contents  Of  The  External 
!  Baia  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
ASH  »  hi; 
LDSN  =  hi; 
UDSH  =  hi; 
iR  =  pfr; 


!  Phase  2 

!  Of  Clock  Cycle  4 
!  Deoctivote  Address  Strobe 
!  Beoctivate  Lower  Bato  Strobe 
!  Beactivote  Upper  Bote  Strobe 
!  Contents  Of  Prefetch  Register 
<  Are  Placed  Into  Instruction 
!  Register 

!  Beactivote  Bota  Tronsfer(Added) 


BTACKN  =  hi; 


andi 


Diove 


!  AcKnouledge 

PC  =  PC  +  4; 

!  Increiient  Prog  rail  Counter 

next; 

!  Execute  Pending  Assignments 

T  =  0 
) 

!  Reset  ClocK  Cycle  Counter 

4  ^ 

•  • 

( 

SRHOIiE  =  lo; 

!  ANIUW  ttDFFFrSR 

!  Effect  Of  Instruction 

iRa5;8>  =  MCPC3; 

IR<7:0>  =  rtCPC  +13; 

!  Prefetch  Next  Instruction 

next; 

*  Is  To  Set  Status  Register 

PC  =  PC  +  2; 

!  Increment  Program  Counter 

T  =  5; 

!  Supervisor  Bit  To  User 

next; 

!  Node 

T  =  0 
) 

!  Requifes  6  ClocK  Cycles 

«  » 

♦  ■“ 

( 

!  HOUE.W  *«SS5S,Iil 

/t%ri.*tt*tili%t****t%%%***t*%tt%t%%*ttt%%*1t.******t%t.t*t1^t****t**tttt*/ 

PHIl  =  hi; 

•  Phase  1  Of 

PHI2  =  lo; 

!  ClocK  Cycle  0 

iiBus  =  Oxffff; 

>  Place  Beta  Bus  In  High  Impedonce 

RU  s  hi; 

!  Memory  Read 

MENAbLE  =  10} 

>  Disable  Address  Bus  Buffer 

ABUS  =  Oxffffff; 

!  Address  Bus  High  Impedanced 

DBENABLE  =  lo; 

!  Disable  Bata  Bus  Buffer 

lABUS<3i;i>  =  PC<3151>; 

!  Place  PC  On  Internal  Address 
!  Bus 

next; 

!  Execute  Pending  Assignments 

PHIl  =  lo; 

!  Phase  2  Of 

PHI2  =  hi; 

!  Clock  Cycle  0 

ABENABLE  =  hi; 

!  Enable  Address  Bus  Buffer 

EXABUF  =  1ABUS<23;1>; 

!  Cate  Internal  Address  Bus 
!  Into  External  Address  Buffer 

FChOIiE  =  srmode; 

!  User  Mode 

FCSPACE  =  2; 

!  Accessing  Program 

SRCARRY  =  lo; 

!  Clear  Status  Register  Carry  Bit 

SROVER  =  lo;  ■ 

!  Clear  Status  Register  Overflow  Bit 

SRZERO  =  lo; 

Clear  Status  Register  Zero  Bit 

SRNEG  =  lo; 

!  Clear  Status  Register  Negative  Bit 

ABUS  =  IABUS<23;i>; 

!  Place  PC  On  Address  Bus  (Added) 

next; 

!  Execute  Impending  Assignments 

/$*$$$$*$$i$$KU*$***t*9:*******$**ti:$$*$$tt**$**$*9:$*t*$**$*****t*t/ 

T  =  1} 

!  ClocK  Cycle  1 

next; 

!  Execute  Assignment 

PHll  =  hi; 


!  Phase  1  Of 


F-HI2  =  lo; 

IHSN  =  lo; 

LDSN  =  lo; 

JUSN  =  lo; 
DBENABLE  =  hi; 
next; 

PHll  =  lo; 

PHI2  =  hi; 
next; 


!  ClocK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Bata  Strobe 
!  Assert  Upper  Dota  Strobe 
!  Enable  Bata  Bus 
!  Execute  Pending  Assignibents 

!  Phase  2 

}  Of  Clock  Cycle  1 
!  Execute  Pending  Assigniients 


/ttili%%tili%)i:%il.t%t%*ttt%*%**t%*****t*****t*i^*tt**t*%**1ff*ti****t****tt/ 
T  ~  2;  !  Clock  Cycle  2 

next;  !  Execute  Assigniient 


PHIl  =  hi; 

PHI2  =  lo; 
while  BTACKH  egl  hi 
< 

next; 

PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  Meeory  To  Ploce 
!  Beta  On  The  Bus 
!  Execute  Inpending  Assigniients 

!  Phose  2 

!  Of  Clock  Cycle  2 
!  Execute  Assignitenis 


/$t**$*^$$***$$**)(**)(**t*^$**$****$:t^t$***l:*t**t**U*U****$t/ 
T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignnent 


PHIl  =  hi; 

PHI2  =  lo; 

IiBUS<15;D>  =  MCABUSi; 
BBUS<7;0>  =  MCABUS  +13; 
BTACKN  =  lo; 
next; 


!  Phose  1 

}  Of  Clock  Cycle  3 
!  rteiiory  Places  Instruction 
!  On  Doto  Bus  And 
!  Asserts  BTACKN (Added) 

!  Execute  Pending  Assigniients 


;($$$$$$$$*$$$$$$*»*$$$*******$****$$***$$***$$$*$$*$/ 

T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

); 

next;  !  Execute  lupending  Assigniients 


/$t$t**iix*$***$*t$**$*$$**$**t*9**$t*$t$tt*t$**$$***»tt$**tt$**$*n/ 

T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  *  hi; 
EXDBUF  -  Bbus; 


next; 


!  Phase  2 

!  Of  ClocK  Cycle  3 
!  Instruction  On  Data  Bus 
!  Is  Ploced  In  Extcrnol  Doto 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  4; 

*  Clock  Cycle  4 

next; 

!  Execute  Assignnient 

PHIl  =  hi; 

!  Phase  1 

PHI2  =  lo; 

iDBus  =  exubuf; 

!  Of  Clock  Cycle  4 

if  EXDBUF  eql  0 

!  Set  Status  Register 

SRZERO  =  hi; 
if  EXIiliUF<15>  eql  1 

SRNEG  >  hi; 

!  Bits  As  Apprcpriote 

next; 

!  Execute  Pending  Assignaents 

PHIl  =  lo; 

!  Phase  2 

PHI2  =  hi; 

!  Of  Clock  Cycle  4 

ASH  =  hi; 

!  Beactivote  Address  Strobe 

LDSN  =  hi; 

!  Deactivate  Lower  Bata  Strobe 

UDSN  =  hi; 

!  Deactivate  Upper  Data  Strobe 

PC  =  PC  +  2; 

!  Increiient  PC 

BTACKN  =  hi; 

!  Deactivate  Dato  TronsferCAdded 
!  Acknowledge 

HI 13  =  IBBUS; 

!  Place  Contents  Of  Internal 
•  Bata  Bus  Into  BI23 

next; 

!  Execute  lapending  Assignments 

/t*}lit**t*t%**t^r(%tttt****t***tt%*'ll-W%tt*t%'$*t*t%****%*%*t%%*%t*ttt/ 

T  -  C  • 

1  %Jf 

next; 

>  ClocK  Cycle  S 

PHIl  =  hi; 

Pbose  1  Of 

PHI2  =  lo; 

!  ClocK  Cycle  5 

HBUS  =  oxffff; 

!  Place  Bata  Bus  In  High  Impedoni 

RU  =  hi; 

!  Memory  Read 

RBENABLE  =  lo; 

!  Bisable  Address  Bus  Buffer 

ABUS  =  Oxffffff; 

*  Address  Bus  High  Impedanced 

BBENABLE  =  lo; 

*  Disable  Data  Bus  Buffer 

iAbus<3i:i>  =  pc<3i;i>; 

!  Ploce  PC  On  Internal  Address 
!  Bus 

next; 

!  Execute  Pending  Assignments 

PHIl  =  lo; 

•  Phase  2  Of 

PHI2  =  hi; 

•  Clock  Cycle  5 

ADENABLE  =  hi; 

!  Enable  Address  Bus  Buffer 

EXABUF  =  IABUS<23;i>; 

!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 

FCrtOBE  =  srmode; 

!  User  Mode 

FCSPACE  =  2; 

!  Accessing  Program 

ABUS  =  IABUS<23;i>; 

f  Place  PC  On  Address  Bus 

next; 

!  Execute  Impending  Assignments 

/%t***t*t*$****%*t**t%*t****1H%***l^****t%*t*tt***t***t**t$tt**$*$t/ 
T  s  6>  !  ClocK  Cycle  6 


next; 

PHIl  =  hi; 

PHI2  =  lo; 
ftSN  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
DBENABLE  =  hi; 
next; 

PHIl  =  lo; 

PHI2  =  hi; 
next; 


!  Execute  ns&ignihent 

!  Phase  1  Of 
•  ClocK  Cycle  6 
!  Assert  Address  Strobe 
!  Assert  Lower  I>ato  Strobe 
!  Assert  Upper  Dota  Strobe 
!  Enable  Do to  Dus 
>  Execute  Pending  Assignsents 

!  Phase  2 

!  Of  Clock  Cycle  6 
!  Execute  Pending  Assigneents 


T  =  7;  !  ClocK  Cycle  7 

next;  !  Execute  Assignuent 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKH  eql  hi 
< 

next; 

PHIl  *  lo; 
PHI2  =  hi; 
next; 


!  Phase  1 

!  Of  ClocK  Cycle  7 
!  Wait  For  Hesory  To  Place 
!  Data  On  The  Bus 
!  Execute  Iikpendxrig  Assigniients 

>  Phase  2 

!  Of  ClocK  Cycle  7 
!  Execute  Assigneents 


T  =  e;  !  Clock  Cycle  8 

next;  !  Execute  Assignnent 


PHIl  =  hi; 

PHI2  =  lo; 

DBUSa5:8>  =  MtABUSi; 
DBUS<7J0>  =  HCABUS  +  IJ; 
DTACKN  =  lo; 
next; 


!  Phase  1 

!  Of  ClocK  Cycle  8 
!  Hebory  Pieces  Instruction 
!  On  Da  to  Bus  And 
!  Asserts  DTACKHC Added) 

!  Execute  Pending  Assigneents 


7=7  ?  Return  To  Phase  2 

!  Of  ClocK  Cycle  7 

); 

next;  !  Execute  Inpending  Assigneents 

/Miii9**iii*****$*****»$*$$iut*$**$$$*$**$***t*t****t**$t*$$$$$*$$*f$/ 

7=8}  •  ClocK  Cycle  8 

next;  !  Execute  Assignnent 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  -  DBUS; 


!  Phose  2 

!  Of  Clock  Cycle  8 
!  Instruction  On  Data  Bus 
!  Is  Ploced  In  External  Doto 


C.-265 


next; 


!  Bus  Buffer 

!  Execute  Pending  Assignments 


(^L 


T  =  9; 
next; 


!  Clock  Cycle  9 
!  Execute  Assigniient 


PHIl  =  hi; 
PHI2  =  lo; 

pFft  =  exdbuf; 


ne>x; 


!  Phase  1 

!  Of  Clock  Cycle  9 
!  The  Contents  Of  The  External 
!  Bata  Bus  Buffer  Are  Ploced 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PH12  =  hi; 
ASN  =  hi; 
LBSN  =  hi; 
UDSN  =  hi; 

PC  =  PC  f  2; 


BTACKN  =  hi; 

IP  =  pfr; 

next; 


!  Phase  2 

!  Of  Clock  Cycle  9 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Date  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Increment  Program  Counter 
!  Are  Ploced  Into  Instruction 
!  Register 

*  Deactivote  Doto  Transfer (Added) 
!  Acknowledge 

!  Load  Instruction  Register  Uith 
!  Prefetch  Register 


T  = 
) 


0 


jmp  ;  = 

( 


!  JHP  (AO) 


PHIl  =  hi; 

PH12  =  lo; 

DBUS  =  Oxffff; 
F.'U  s  hi; 
ADENABLE  =  lo; 
LiDENABLE  =  lo; 
I ABUS  =  pc; 

next; 


!  Phose  1  Of 
!  Clock  Cycle  0 

!  Place  Doto  Bus  In  A  High  Impedance 
!  Memory  Reod 

!  Disable  Address  Bus  Buffer 
!  Disable  Date  Bus  Buffer 
!  Place  PC  On  Internol  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PH12  =  hi; 
ADENABLE  =  hi; 
EXABUF  s=  I  ABUS ; 

FCHODE  -  SRMODE; 
FCSPACE  =  2; 


!  Phose  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gote  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Program 


next; 

ftBUS  =  EXftBUF; 
next; 


Execute  Pending  Assigntents 
Address  Placed  On  Bus (Added) 
Execute  Penoing  Assignuents 


T  =  i; 
next; 


ClocK  Cycle  1 
Execute  Assignuent 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LDSN  =  lo; 

UBSN  =  lo; 
lABUS  =  ACOl; 

DBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Bata  Strobe 
!  Assert  Upper  Bata  Strobe 
!  Move  Jubp  Address  Froii  AC03 
!  To  Internal  Aodress  Buffer 
!  Enable  Bata  Bus 
!  Execute  Pending  Assignikents 


PHIl  =  lo; 
PHI2  =  ni; 
PC  =  I ABUS ; 

next; 


Phase  2 

!  Of  ClocK  Cycle  1 
!  Place  JuQip  Address  Into  Prograih 
!  Counter 


T  =  2; 
next; 


!  ClocK  Cycle  2 
!  Execute  Assignbent 


PHIl  =  hi; 

PHI2  =  lo; 
while  BTACKN  eql  hi 
< 


!  Phase  1 

!  Of  ClocK  Cycle  2 
!  Wolt  For  Hebory  To  Ploce 
t  Bata  On  The  Bus 


next; 


Execute  Ikpending  Assignuents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phose  2 

!  Of  ClocK  Cycle  2 
!  Execute  Assignkents 


T  =  3; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

BBUS<15:e>  =  MCABUS3; 
BBUS<7;0>  =  MCABUS  +13; 
BTACKN  =  lo; 
next; 


!  ClocK  Cycle  3 
!  Execute  Assignifeent 

!  Phase  1 

!  Of  ClocK  Cycle  3 
!  neiiory  Places  Instruction 
!  On  Bato  Bus  And 
!  Asserts  BTACKN( Added) 

!  Execute  Pending  Aesigneents 


T  =  2  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  2 


next} 


!  Execute  Impending  Assignmenwe 


1  =  3; 

next? 


!  Clock  Cycle  3 
!  Execute  i^ssignnent 


PHIl  =  lo; 

PHI2  =  hi; 
EXDHUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Bata  Bus 
!  Is  Ploced  In  External  Data 
!  Dus  Duffer 

<  Execute  Pending  Assignments 


T  =  4; 
next; 


!  Clock  Cycle  4 
!  Execute  Assignsient 


PHIl  =  hi; 
PHI2  =  lo; 
next; 

PFD  =  exuduf; 


next; 


‘  Phase  1 

!  Of  Clock  Cycle  4 

!  The  Contents  Of  The  External 
!  Data  Dus  Duffer  Are  Placed 
!  In  Prefetch  Register 
>.  Execute  Pending  Assignments 


Phil  =  lo; 


Phase  2 


PHI2  =  hi; 
ASN  =  hi; 
LDSN  =  hx; 
UDSN  -  hi; 
DTACKN  *  hi; 


next; 


!  Of  Clock  Cycle  4 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Deoctivate  Dote  Tronsfer 
!  Acknowledge(Added) 


T  =  5;  Clock  Cycle  5 


next; 


Execute  Previous  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

RU  =  hi; 
ADENABLE  =  lo; 
DBENABLE  =  lo; 

lABUs  =  pc; 

next; 


!  Phose  1  Of 
!  Clock  Cycle  5 
!  Memory  Reod 

!  Disable  Address  Dus  Duffer 
!  Disable  Dato  Dus  Duffer 
!  Place  PC  On  Internal  Address 
!  Dus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  ==  hi; 
FCMODE  =  SRMODE; 
FCSPACE  =  2; 
EXADUF  -  lADUS; 
next; 


!  Phose  2  Of 

!  Clock  Cycle  5 

!  Enoble  Address  Bus  Duffer 

!  User  Mode 

!  Accessing  Program 

!  Cote  Internal  Address  Dus 

!  Into  External  Address  Duffer 


rtBUS  =  EXiSBUF; 
next; 


!  (Address  Ploced  On  Bus(6dded) 
t  Execute  Pending  Assignibents 


T  =  61 

!  ClocK  Cycle  6 

next; 

!  Execute  Assignment 

PHIl  =  hi; 

!  Phase  1  Of 

PHI2  =  lo; 

!  ClocK  Cycle  6 

ASM  =  lo; 

!  Assert  Address  Strobe 

LDSjy  =  lo; 

!  Assert  Lower  Doto  Strobe 

UDSN  =  lo; 

!  Assert  Upper  Data  Strobe 

DBENABLE  =  hi; 

!  Enable  Dote  Bus 

next; 

!  Execute  Pending  Assignments 

PHIl  =  lo; 

!  Phase  2 

PHI2  =  hi; 

!  Of  ClocK  Cycle  6 

next; 

1  Execute  Pending  Assignments 

/D:tiiittV*****t***1i***t$***$***trt**t$**$$*$$*tili*$****$*tt*t********/ 

T  =  7;  !  ClocK  Cycle  7 

next;  *  Execute  Assigniient 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
( 

next; 


!  Phase  1 

!  Of  ClocK  Cycle  7 
!  Wait  For  he»ory  To  Piece 
!  Data  On  The  Bus 
!  Execute  lopending  Assigniuents 


PHll  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  7 
!  Execute  Assigrikents 


/$f$$:^}li$ttfi$tt*********$*$$****$$****$**$**$**$*****$t**$***/ 


T  =  e; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

DBUSa5;8.>  =  MCABUCi; 
DBUS<7;0>  =  MCABUS  +  ll; 
niACKN  =  lo; 
next; 


!  ClocK  Cycle  6 
!  Execute  Assignibent 

!  Phase  1 

!  Of  ClocK  Cycle  8 
!  Henory  Places  Instruction 
>  On  Dato  Bus  And 
!  Asserts  DTACKHii Added) 

!  Execute  Pending  Assigneents 


/t*]^1li*******$$**t**U*tt******Vi*$tVi$*****************t*****t/ 

T  =  7  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  7 

); 

next;  !  Execute  lupending  Assignitents 


T  *  B;  !  ClocK  Cycle  8 

next;  !  Execute  Assignment 


PHll  =  lo;  !  Phase  2 

PHI2  =  hi;  !  Of  ClocK  Cycle  8 

EXDKUF  =  IiBUS;  !  Instruction  On  Bata  bus 

!  Is  Placed  In  External  Dato 
!  Bus  Buffer 

next;  Execute  Pending  Assignments 


T  =  9; 
next; 

PHIl  =  hi; 
PKI2  =  lo; 

pFR  =  exubuf; 


next; 

PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LBSN  =  hi; 
UDSN  =  hi; 

PC  =  PC  +  2; 

IR  =  pfr; 


DTACKN  =  hi; 

next; 

T  =  0 
) 

decode_execute_p refetch  ;= 

( 

case  IR 

0x323c ; 
0x027c : 
047320: 

es4C 

) 

mam  !  = 

( 

power_on_initialize; 
fetch_initial_inst ruction; 
while  REABY  eql  hi 
( 

clecode_execute_p  refetch 
) 


!  ClocK  Cycle  9 
!  Execute  Assignment 

!  Phase  1 

!  Of  ClocK  Cycle  9 
!  The  Contents  Of  The  External 
!  Bata  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  ClocK  Cycle  9 
!  Deactivate  Address  Strobe 
!  Beactivate  Lower  Bata  Strobe 
!  Beoctivate  Upper  Bata  Strobe 
!  Increment  Program  Counter 
!  Place  Contents  Of  Prefetch 
!  Register  Into  Instruction 
Register 

!  Beoctivate  Bota  Transfer 
!  AcKnowledge( Added) 

I  Execute  Pending  Assignments 
!  Reset  ClocK  Cycle  Counter 


move  !  HOVE.W  «$S555»B1 

ondi  >  ANB»W  niiFFFrSR 

Jmp  !  JMP  (AO)  If  IR  =  Octal  Value 


/%  %/ 

/»  MOTOhOLft  rtC6B000  MODEL  OF  THE  ADD.U  DS.DS  INSTRUCTION  %/ 

/%  t/ 

/XXXXXXXXXXXXXXXXXXXXXXtXXXXXXXXXtXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXtXXt/ 
/X  %/ 

/X  structure  Declarations  t/ 

/X  X/ 

/xxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxtxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxt/ 

state 

/%  %/ 

/X  M68000  Prograoiiiing  Registers  */ 

/X  t/ 

/xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxx/ 


Dco:7]<3i:o>, 

AC0J6K3i:0>, 

uA7<:3i:o>, 

SA7<3i;0>, 

PC<3i:o>, 

SR<1550>, 


!  8  Data  Registers 
!  7  Address  Registers 
!  User  StacK  Pointer 
!  Systee  Stack  Pointer 
!  Prograe  Counter 
I  status  Register 


/Xxxxtxxxxxtxxxxxxxxxxxtxxxxxxxxxxxxxxxxttxxxxxtxxxxxxxxxxxxxxxxxxxtxxxx/ 
/%  %/ 
/%  Te«iporary  Internol  Registers  »/ 
/*  */ 
/xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxtxxxtxtxxxxxxxxxxxxxxxxxxxxxxxxxtx/ 


PFR<15:0>, 

IR<15:0>, 

FC<2;0>, 

EXDBUF<15;0>, 

EXABUF<23;i>, 

ALUBUF1<31J0.;, 

ALUDUF2<3i;0>, 

DTEMP<15;0>, 

DISREG<3i:0>, 

SRTErtP<15:o;>, 

1RTEMP<1550>, 

TErtPAIiR<3i:0>, 

ACTyPE<15:0>, 

VECADR<23J0>, 


Prefetch  Register 

Instruction  Register 

Function  Code  Register 

External  Data  Dus  Duffer  Register 

External  Address  Dus  Duffer  Register(changed) 

ALU  Duffer  1 

ALU  Buffer  2 

Temporary  Doto  Storage 

Tenporary  Disploceitent  Storage 

lenporory  Stotus  Register  Storage 

(Exception  Processing) 

Temporary  Instruction  Register  Storage 
(Exception  Processing) 

Tesporary  Cycle  Address  Storoge 
(Exception  Processing) 

Tesporory  Access  Type  Storoge 
(Exception  Processing) 

Tenporory  Mector  Address  Storage 
(Exception  Processing) 


HAN(SDft<3i:0>, 


!  TenporttPy  Address  Storage  For 
!  Exception  Handler  Routine 


T<7:0>, 

!  Clock  Cycle  Counter 

RESET, 

!  Reset  Flip-Flop 

HALT, 

!  Halt  Flip-Flop 

KU, 

!  Read/Uritfc  Flip-Flop 

ABENABLE, 

!  Address  Bus  Buffer  Enable 

BBENABLE, 

!  Data  Bus  Buffer  Enable 

ASN, 

!  Address  Strobe  Flip-Flop 

LUSN, 

!  Lower  Data  Strobe  Flip-Flop 

UBSN, 

!  Upper  Date  Strobe  Flip-Flop 

BTACKH, 

!  Date  Transfer  Acknowledge  Flip-Flop 

COUT, 

!  Carry  Flip-Flop 

EXCEPT, 

!  Exception  Processing  Flip-Flop 

READY, 

!  Ready  Flip-Flop 

/% 

/% 

/% 

/% 

/% 

/% 

/% 

/* 

/t 

/t 

/* 

/» 

/» 

/» 

/* 

/» 

/» 

/» 


Hodel  transforeiation  oiodif icati jnst 

1)  CDL  decoder  structure  nonexistent  in  ISP'  and  un¬ 
necessary  for  model >  Eliminated « 

2)  hulti-phase  clock  structure  nonexistent  in  ISP'. 
Operations  on  registers  will  provide  its  equivalent. 

3)  Suitch  structure  nonexistent  in  ISP'.  Operation  on  a 

register  will  provide  its  equivalent. 

•4)  The  declared  bus  structures  are 


»/ 

»/ 

*:/ 

»/ 

»/ 

»/ 

%/ 

%/ 

%/ 

%/ 

t/ 

%/ 

%/ 


modeled  with  registers 

without  loss  of  model  accurracy.  This  done  to  maintain  model 
equivalency  and  simplicity. 

5)  The  memory  word  length  was  reduced  from  16  to  8  bit 
words  to  coincide  with  the  ECB's  32-Kbyte  memory >  to  ogree  with*/ 
their  PC  increuentotionr  ond  to  enable  the  use  of  existing  %/ 
HC68000  assembler  and  linKer/loader  models.  The  memory  was  %/ 
also  reduced  from  8  Mwords  to  32  Kbytes.  t/ 


lAliUS<3i:0>, 

UiBus<3i;o:>, 

SWITCH, 

PHIl, 

PHI2; 


!  Internal  Address  Bus 
!  Internal  Boto  Bus 
Power  Switch 

Phase  1  Of  Two-Phase  ClocK 
Phase  2  Of  Two-Phase  ClocK 


port 


/»  %/ 

/%  External  Address  ond  Bato  Bus  %f 

/%  %/ 


0BUS<1S:0>,  !  External  Bata  Bus 

ABUS<23:1>;  !  Externol  Address  Bus (changed) 


/%  %■/ 

/%  Hegister  Subfields  %/ 

/%  t/ 

PCADDR 

PC<23:0>,  ! 

Program  Counter  Address  Field 

SrsTRACE 

= 

S[;a5>,  ! 

Trace  Riv 

SRHOIiE 

= 

SR<13>,  ! 

Mode  Selection  bit 

SftChRRY 

= 

SR<0>,  ! 

Carry  bit 

SftOVER 

= 

SR<1>,  ! 

Overflow  bit 

BRZERO 

= 

sr:2>,  ! 

Zero  bit 

SRHEG 

= 

SR<3> ,  ! 

Negative  bit 

SREX 

= 

SR<4>,  ! 

Extend  bit 

SRMASK 

= 

SR<10;8>,  ! 

Interrupt  Mask 

FCSPrtCE 

- 

FC-<i;0>,  ! 

Memory  Access  Address  Space 

FCMOHE 

= 

FC<2>,  ! 

User/Supervisor  Mode  Bit 

PCLOU 

= 

PC<i5:o:;,  ! 

PC  Lou  Uord 

PCHI 

PC<3i:i6:,  ! 

PC  High  Uord 

DOLUORD 

= 

DE03<15:0.-,  ! 

DC 03  Lou  Word 

DILUGRI/ 

= 

DC13<15!Oy,  ! 

DC  13  Low  Uord 

Ii2LU0f;It 

= 

liC23<l5:0>,  ! 

DC23  Low  Uord 

D3LU0RD 

IiC33<15;0>,  ! 

DC33  Low  Uord 

mLUORU 

£■ 

[iC43<l5'.<i:;,  ! 

Dr4r.  Low  Word 

DiLUORD 

HCSKIS'.O.'-,  ! 

DC 53  Low  Word 

UoLWORl) 

s 

DC63<15:<'>,  ! 

DC63  Lou  Uord 

D7LU0RD 

= 

riC73<15:0>,  ! 

DC 73  Low  Word 

LtlSREDHUORli 

llSREG<.3i:i6>, ! 

DISREG  High  Word 

lilSREGLUORD 

= 

DISREG<15:0>,  ! 

DISREG  Low  Word 

HRNADRLOU 

= 

HANADR<15:0>,  ! 

HANADR  Lou  Uord 

HANADRHI 

= 

HANAtiR<3i;i6>, ! 

HANADR  High  Word 

TEMPADRLOW 

= 

TEMPAriR<1550>,  ! 

TEMPADR  Low  Word 

TEMPADRHI 

= 

TEMPAriR<3i;i6>; 

TEMPADR  High  Uord 

DieMory 

/»  t/ 

/%  16K  16-Fii  Word  Internal  Memory  »/ 

/%  »/ 

HC0:327673<7;0>J 


macro 


/*  */ 

/%  Logic  Level  Macros  %/ 

/t  %/ 


lo  =  0  t, 

hi  ~  i  l, 

off  =01, 
on  =  1  t, 

clecr  =  0  t; 

/»»!);  ire*;*: 


/*  %/ 

/¥  Power  On  at.d  Initiulizatiun.  This  process  was  not  siodeled  but  is  %/ 
/%  added  to  initialize  signals  arid  registers.  t/ 
/%  %/ 


power  on  initialize  *.= 

( 

SWITCH  =  on; 
next; 

READY  =  lo; 

RESET  =  lo; 
delay(lOO); 

RESET  =  hi; 
next; 

ASH  =  hi; 

LUSH  =  hi; 

UDSN  =  hi; 

DTACKN  =  hi; 

RW  =  hi; 
iiBUS  =  oxffff; 
MCOX10083  =  Oxff; 
M[0>;10093  =  Oxff, 
HALT  =  hi; 


T  =  o; 

READY  =  hi; 


Turn  Power  On 

Execute  Assignoient 

Systeii  Not  Ready 

Assert  Reset  For 

100  niliseconds(Active  Low) 

Deactivate  Reset 
Execute  Pending  Assignsients 
Initialize  Address  Strobe 
Initialize  Lower  Dota  Strobe 
Initialize  Upper  Dota  Strobe 
Initialize  Data  Transfer  Acknowledge 
Initiolize  Read/Urite(Reod  On  High) 
Place  Data  Dus  In  High  Iispedance  Stote 
Ploce  Hemory  Locations  Following  The 
JHP  Instruction  In  A  High  Stote 
Initialize  Halt  Flip-Flop (Active 
Low) 

Initiolize  Clock  Cycle  Counter 
Systesi  Reody 


/%  »/ 

/«  Routine  Initialization  Per  Hasby  and  Guillory  %■/ 

/%  */ 

/XXXX$***X*1iX*Xt*U*******'t-***************%t****tttt%t**t*tt1i.**%/ 


SRHODE  =  lo; 

DC  13  =  0x00000003; 
DC33  =  0x00000002; 
DC 53  =  0x00000000 ; 
AC03  =  OxlOOO; 

AC23  =  0x2000; 

PC  =  0x1 000 ; 
next 
) 


!  Set  Status  Register  To  User  Node 
!  Ploce  Hex  00000003  Into  DCID 
!  Place  Hex  00000002  Into  DC23 
!  Initialize  DC53  To  Zero 
!  Place  Hex  1000  Into  ACO] 

!  Store  Dote  At  Hex  2000 
<  Place  Hex  1000  Into  Prograe  Counter 
!  Execute  Assigneents 


/$  t/ 


/%  Initial  Fetch  Cycle.  This  cycle  was  not  modeled  but  is  necessary  */ 
/I’  to  retrieve  modeled  instructions  for  simulation  ond  onalysis.  It  t/ 
/t  was  fashsioned  from  the  Read  Cycle  described  by  Hamby  and  Guillory  %/ 
/%  on  page  VI-15  of  their  thesis.  */ 
/%  %/ 


fetch_initial_instruction  S= 


F-HIl  =  hi; 

PH12  =  lo; 

RU  =  hi; 
ABENAHLE  =  lo; 
DBENABLE  =  lo; 
lAbUS  =  Pc; 

next; 


!  Phase  1  Of 
!  ClocK  Cycle  0 
<  hemory  Read 

!  Disable  Address  Dus  Duffer 
!  Disable  Dato  Bus  Duffer 
!  Place  PC  On  Internal  Address 
!  Dus 

!  Execute  Pending  Assignoients 


PHIl  =  lo; 

PHI2  =  hi; 
AIiENADLE  =  hi; 
EXADUF  =  lADUS; 

FCHODE  =  SRnODC; 
FCSPACE  =  2; 
next; 

ABUS  =  EXADUF ; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Duffer 
!  Cote  Internal  Address  Dus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Program 
!  Execute  Impending  Assignments 
!  Address  Ploced  On  Dus( Added) 

!  Execute  Pending  Assignments 


/x$x*$x*x$x*x*$***x$***$x****$**xx**txx*******x*********x***$x*x**/ 


T  =  i; 
next; 


Clock  Cycle  1 
Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LDSH  =  lo; 

UDSN  =  lo; 
DDENABLE  =  hi; 
next; 


Phose  1  Of 
!  Clock  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Doto  Strobe 
!  Assert  Upper  Doto  Strobe 
!  Enable  Doto  Dus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phose  2 

!  Of  Clock  Cycle  1 
!  Execute  Pending  Assignments 


T  =  2;  •  Clock  Cycle  2 

next;  !  Execute  Assignment 


PHIl  «  hi; 


!  Phase  1 


PHI2  =  lo; 
while  IiTACKN  eql  hi 
( 

next? 

PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Of  Clock  Cycle  2 
!  Wait  For  Hemory  To  Place 
!  Data  On  The  Bus 
!  Execute  Impending  ^ssigniients 

!  Phase  2 

•  Of  Clock  Cycle  2 
!  Execute  Assignuents 


T  =  3;  *  Clock  Cycle  3 

next;  !  Execute  Assignsient 


PHIl  =  hi; 

PHI2  =  lo; 

IiBUS<15:8>  =  hCABUSi; 
tiBUS<7:0>  =  ttlADUS  +13; 
DTACKN  =  lo; 
next; 


!  Phase  1 

I  Of  Clock  Cycle  3 
!  Heoiory  Places  Instruction 
!  On  Data  Dus  ^nd 
!  iSsserts  DT6CKN(hdded > 

!  Execute  Pending  Assignments 


T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 


next; 


!  Execute  Impending  Assignments 


/fiU$>fU***$*f****$**$*%UU$$*$t*$$*ti*U**$tU$***$tt*ttt*t$t$$**/ 
T  =  3;  !  Clock  Cycle  3 

next;  .  !  Execute  Assignment 


PHIl  =  lo; 

PH12  =  hi; 
EXDDUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Data  Dus 
Is  Placed  In  External  Data 
!  Bus  Duffer 

!  Execute  Pending  Assignments 


/$ili$$*$iliU*$*$$*******$****9:**$l:*rt$$******$***$$*$*$$**$$****$***/ 
T  =  4;  !  Clock  Cycle  4 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 

PFR  =  EXDDUF ; 


next ; 

PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LDSN  >  hi; 
UDSH  «  hi; 


■  Phase  1 

!  Of  Clock  Cycle  4 
!  The  Contents  Of  The  External 
!  Data  Dus  Duffer  Are  Placed 
(  In  Prefetch  Register 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  4 
Deactivate  Address  Strobe 
!  Deactivate  Lower  Date  Strobe 
!  Deactivate  Upper  Dota  Strobe 


IR  =  pfr; 


tiTACKN  =  hi? 

PC  =  PC  +  2; 
next} 

T  =  0 
) 


!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 
!  Register 

!  Deactivate  Date  Transfer (Added) 
!  Acknowledge 

!  Increihent  Prog  rail  Counter 
!  E'/.ecute  Pending  Assigneents 
!  Reset  Clock  C/cle  Counter 


>  ADD.U  D3»05 


( 


PHIl  =  hi} 

PHI2  =  lo} 

DDUS  =  Oxffff; 

RU  =  hi} 

IDBUS  =  Ii3LU0RD} 

ADENABLE  =10} 
DBENABLE  =10} 

I ABUS  =  PC} 

next} 


!  Phase  1  Of 
t  Clock  Cycle  0 

!  Ploce  Data  Bus  In  High  loipedonce 
!  Heiiory  Read 
*  Place  Low  Word  Of  DC33 
!  Onto  Internal  Data  Bus 
!  Disable  Address  Bus  Buffer 
!  Disable  Date  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo}  .» 
PHI2  =  hi}  ! 
ADENABLE  -  hi}  ! 
EXABUF  -  lABUS}  ! 

FCHODE  >  SRHODE}  ! 
FCSPACE  =2}  ! 
ALUBUFl  =  IDBUS}  ! 

next}  ! 
ABUS  -  EXABUF}  ! 
next}  ! 


Phase  2  Of 

Clock  Cycle  0 

Enable  Address  Bus  Buffer 

Gote  Internol  Address  Bus 

Into  External  Address  Buffer 

User  Node 

Accessing  Program 

Place  Date  From  Internal  Data  Bus 

Into  ALU  Buffer  1 

Execute  Impend i-ng  Assignments 

Address  Placed  On  Bus(Added) 

Execute  Pending  Assignments 


/$.$.jtiit*****%*%*****t*t%t**%tt%*******'t.i(.*tt**t$'liitti^t*lftt**ttt**ttttt/ 
T  =  1}  !  Clock  Cycle  1 

next}  !  Execute  Assignment 


PHIl  =  hi} 

PHI2  =  lo} 

3N  -  lo} 

LDSN  =  10} 

UDSN  -  10} 
DBENABLE  »  hi} 
IDBUS  »  DSLUORD} 

next} 


!  Phase  1  Of 
!  Clock  Cycle  1 
*  Assert  Address  Strobe 
!  Assert  Lower  Goto  Strobe 
!  Assert  Upper  Date  Strobe 
!  Enable  Dato  Bus 
!  Place  Low  Word  From  DC53 
!  Onto  Internal  Dato  Bus 
!  Execute  Pending  Assignments 


pHii  =  lo; 

PHI2  =  hi; 
ALUBUF2  =  IDBUS; 


next; 


!  Phase  2 

!  Of  ClocK  Cycle  1 
!  Piece  Bate  Fron  Internal  Data 
!  Bus  Into  ALU  Buffer  2 
!  Execute  Pending  Assignments 


T  =  2;  !  ClocK  -Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

IDBUS  =  ALUBUFl  +  ALUBUF2; 

SRCARRY  =  lo; 

SROVER  =  lo; 

SRZERO  =  lo; 

SRNEG  =  lo; 

SREX  =  lo; 
while  DTACKN  eql  hi 
( 

next; 

PHIl  *  lo; 

PH12  »  hi; 
next; 


!  Phase  1 

!  Of  ClocK  Cycle  2 
!  Place  Sum  From  ALU  Onto 
!  Internal  Data  Bus 
!  Reset  Condition  Codes 


!  Wait  For  Hemory  To  Place 
!  Data  On  The  Bus 
!  Execute  Impending  Assignments 

!  Phase  2 

!  Of  ClocK  Cycle  2 
j  Execute  Assignments 


T  »  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS<15;8>  =  HCABUS3; 
DBUS<7;0>  =  MCABUS  +  13; 
DTACKN  =  lo; 
next ; 


!  Phase  1 

!  Of  Clock  Cycle  3 
>  Hemory  Ploces  Instruction 
!  On  iKtta  Bus  And 
!  Asserts  DTACKNCAdded) 

!  Execute  Pending  Assignments 


/1i***%%%*%*%%****t***t***tttt*****ttt*t**t**tt%*t1H*tttt****/ 

T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

); 

next;  !  Execute  Impending  Assignments 

T  -  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  DBUS; 


!  Phose  2 

*  Of  Clock  Cycle  3 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Dota 


0-278 


mmmmm 


DSLUORD  =  IDbUS; 


moved 


!  Bus  Buffer 

!  SuA  On  Internal  Bata  Bus 
!  Is  Place  Into  Lou  Word  Of  BC53 
next;  !  Execute  Pending  Assignments 


T  =  4; 

!  Clock  Cycle  4 

next; 

!  Execute  Assignment 

PHIl  =  hi; 

!  Phase  1 

PHI2  =  lo; 

!  Of  Clock  Cycle  4 

If  DSLUORD  eql  0 

!  Set  Condition  Code 

SRZERO  =  hi; 

If  COUT  eql  1 
( 

SRCARRY  =  hi; 

SREX  =  hi 
); 

if  IiC53<15> 

!  Bits  As  Appropriate 

SRNEG  =  hi; 

SROVER  =  ((not  DC53<15>)  and  ALUBUF1<15>  and  ALUBUF2<15>) 

or  (BCS]<1S>  and 

(not  ALUBUFK15>)  and  (not  ALUBUF2<15>) ) ; 

PFR  =  exbbuf; 

!  The  Contents  Of  The  External 
!  Boto  Bus  Buffer  Are  Ploced 
!  In  Prefetch  Register 

next; 

!  Execute  Pending  Assignments 

PHIl  =  lo; 

*  Phose  2 

PHI2  =  hi; 

!  Of  Clock  Cycle  4 

ASN  =  hi; 

!  Deactivate  Address  Strobe 

LDSH  =  hi; 

Beoctivote  Lower  Boto  Strobe 

UDSN  =  hi; 

1  Beoctivote  Upper  Bata  Strobe 

IR  =  pfr; 

!  Contents  Of  Prefetch  Register 
!  Are  Ploced  Into  Instruction 

!  Register 

DTACKN  =  hi; 

!  Deactivate  Boto  Tronsferi Added) 

!  Acknowledge 

PC  =  PC  +  2; 

!  Increment  Program  Counter 

next; 

!  Execute  Impending  Assignments 

T  =  0 
) 

!  Reset  Clock  Cycle  Counter 

«  _ 

•  — 

( 

!  HOVE.U  B1,B5 

/tt^%t*^%%t1^tw**%*v•*****%****t**t1^*tt*^%t%t****t1^**t*%*%%****wt1^t%/ 

PHIl  =  hi; 

!  Phase  1  Of 

PHI2  =  lo; 

!  Clock  Cycle  0 

DBUS  =  Oxffff; 

!  Ploce  Boto  Bus  In  High  Impedance 

RU  s  hi; 

Memory  Read 

ABENABLE  s  lo; 

!  Disable  Address  Bus  Buffer 

BBENABLE  «  lo; 

!  Disable  Bata  Bus  Buffer 

I ABUS  =  PC; 


IHBUS  =  diluord; 
nextf 

PHIl  =  lo; 

PHI2  =  hi; 
ALIENABLE  =  hi; 
EXABUF  =  I ABUS ; 

FCMOBE  =  SRrtOIiE; 
FCSPACE  =  2; 
SRCARRY  =  lo; 
SROVER  =  lo; 
SRZERO  =  lo; 
SRNEC  =  lo; 
DSLUORB  =  IBBUS; 

next; 

ABUS  =  EXABUF ; 
next; 


Place  PC  On  Internal  Address 
Bus 

Ploce  Low  Word  Froft  BCll  Onto 

Internal  Bota  Bus 

Execute  Pending  Assignoiente 

Phoee  2  Of 

ClocK  Cycle  0 

Enable  Address  Bus  Buffer 

Gate  Internal  Address  Bus 

Into  External  Address  Buffer 

Ui,er  Mode 

Accessing  Program 

Clear  Status  Register  Corry  Bit 

Clear  Stotus  Register  Overflow  Bit 

Clear  Status  Register  Zero  Bit 

Clear  Status  Register  Negative  Bit 

Place  Bata  From  Internol  Boto  Bus 

Into  Lou  Word  Of  DE23 

Execute  Impending  Assignments 

Address  Placed  On  Bus( Added) 

Execute  Pending  Assignments 


T  =  1;  !  ClocK  Cycle  1 

next;  i  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LBSN  =  lo; 

UBSN  »  lo; 
UBENABLE  =  hi; 

If  BSLUORB  eql  0 
SRZERO  =  hi; 
next; 

PHIl  =  lo; 

PHI2  =  hi; 
if  IiC53a5> 

SRNEG  =  hi; 
next; 


f  Phase  1  Of 
!  ClocK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Bata  Strobe 
!  Assert  Upper  Bota  Strobe 
!  Enable  Bota  Bus 
!  Set  Status  Register  Zero  Bit 
!  If  Moved  Bata  Is  Zero 
f  Execute  Pending  Assignments 

•  Phase  2 

!  Of  ClocK  Cycle  1 
!  Set  Status  Register  Negotive 
!  Bit  If  Moved  Boto  Is  Negative 
!  Execute  Pending  Assignments 


/$$$$tu$****in$*ti*$$*$fi****$***$*****$****it***w*$*r**r$**$*$r**$/ 

T  =  2;  !  ClocK  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  BTACKN  eql  hi 
( 

next; 


!  Phose  1 

•  Of  ClocK  Cycle  2 
!  Wait  For  Memory  To  Ploce 
!  Boto  On  The  Bus 
!  Execute  Impending  Assignments 


!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  /^ssignuents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


T  =  3; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

IiBUS<15;8>  =  MCABUSi; 
riBUS<7:0.>  =  ML  ABUS  +13; 
BTACKN  =  lo; 
next; 


!  Clock  Cycle  3 
!  Execute  Assignment 

!  Phase  1 

!  Of  Clock  Cycle  3 
!  Memory  Places  Instruction 
>  On  Bata  Bus  And 
!  Asserts  BTACKNCAdded ) 

!  Execute  Pending  Assignments 


T  =  2  !  Return  To  Phose  2 

!  Of  Clock  Cycle  2 

); 

next;  !  Execute  Impending  Assignments 


T  =  3; 
next; 


■  Clock  Cycle  3 
!  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXBBUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Bata  Bus 
!  Is  Placed  In  External  Boto 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  4; 
next ; 


Clock  Cycle  4 
Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 

PFR  =  EXBBUF; 


next; 


!  Phase  1 

!  Of  Clock  Cycle  4 
!  The  Contents  Of  The  External 
!  Boto  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LBSN  B  hi; 
UBSN  «  hi; 
iR  =  pfr; 


BTACKN  =  hi; 


!  Phose  2 

!  Of  Clock  Cycle  4 
!  Beactivote  Address  Strobe 
!  Beoctivote  Lower  Boto  Strobe 
!  Beoctivote  Upper  Boto  Strobe 
!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 
!  Register 

!  Beactivote  Boto  Tronsfer (Added) 
!  Acknowledge 


o  • 


PC  =  PC  + 
nextr 
T  =  0 


}  Increiaent  F'rograti  Counter 
!  Execute  Impending  Assignments 
!  Reset  ClocK  Cycle  Counter 


!  HOVE.U  D5>(A2} 


PHIl  =  hi; 

PHI2  =  lo; 

DbUS  =  Oxffff; 

RU  =  hi; 

AliENA&LE  =  lo; 
IiBENABLE  =  lo; 

I ABUS  =  PC; 

next; 

PHIl  =  lo; 

PHI2  =  hi; 
AHENABLE  -  hi; 
EXABUF  =  lABUS; 

FCHOPE  =  srhobe; 

FCSPACE  =  2; 
next ; 

ABUS  =  EXABUr; 
next; 


Phase  1  Of 
!  ClocK  Cycle  0 

*  Place  Bota  Bus  In  High  Impedance 
!  hemory  Read 

!  Bisable  Address  Bus  Buffer 
!  Bisable  Bato  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 

!  Phase  2  Of 
■  ClocK  Cycle  0 
!  Enoble  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  Externol  Address  Buffer 
!  User  Hode 
!  Accessing  Program 
f  Execute  Impending  Assignments 
!  Address  Placed  On  Bus(Added) 

!  Execute  Pending  Assignments 


r  =  1;  >  Clock  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASH  =  lo; 

LBSN  =  lo; 

UBSN  -  lo; 
BBENABLE  =  hi; 
next; 

PHIl  =  lo; 

PHI2  =  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  1 
Assert  Address  Strobe 
!  Assert  Lower  Dota  Strobe 
*  Assert  Upper  Boto  Strobe 
!  Enoble  Date  Bus 
!  Execute  Pending  Assignments 

!  Phose  2 

!  Of  ClocK  Cycle  1 
!  Execute  Pending  Assignments 


/$$!ii$$*ii$*$t$ic*if$**$$*$$$*******$$ti*$***f$*$***t*r$*******$i$*$t**t/ 

T  =  2;  !  ClocK  Cycle  2 

next;  {  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 


!  Phase  1 

!  Of  ClocK  Cycle  2 


;-2fa2 


I? 


!  Wait  For  Heiiory  To  Place 
!  Da to  On  The  bus 
!  Execute  Impending  Assigniients 


while  DTACKN  eql  hi 
( 

next} 


h"  V".  ^ 


PHIl  =  lo} 
PHI2  =  hi} 
next} 


!  Phase  2 

!  Of  ClocK  Cycle  2 
!  Execute  Assignuents 


an 


T  =  3} 
next } 

PHIl  =  hi; 

PHI2  =  lo} 

DBUS<1I,}8>  =  MCAbUSl} 
LBUS<7;0>  =  MCADUS  +13} 
DTACKN  =10} 
next} 


!  ClocK  Cycle  3 
!  Execute  /Hssignaient 

!  Phase  1 

!  Of  ClocK  Cycle  3 
!  Heikory  Places  Instruction 
!  On  Dato  Bus  /tnd 
•  Asserts  DTACKNl Added) 

!  Execute  Pending  Assignisents 


T  =  2  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  2 

)} 

next}  !  Execute  lupending  Assignments 


T  =  3} 
tiext} 


!  ClocK  Cycle -3 
*  Execute  Assignment 


PHU  =  lo} 

PHI2  =  hi} 
EXDbUF  =  DBUS} 


next} 


!  Phose  2 

!  Of  ClocK  Cycle  3 
!  Instruction  On  Dota  bus 
!  Is  Ploced  In  External  Dota 
!  Bus  buffer 

!  Execute  Pending  Assignments 


T  =  4} 
next} 


!  ClocK  Cycle  4 
!  Execute  Assignment 


PHIl  =  hi} 
PHI2  =  lo} 

PFR  =  EXDBUF} 


next; 


!  Phase  1 

»  Of  ClocK  Cycle  4 
!  The  Contents  Of  The  External 
!  Doto  bus  buffer  Are  Ploced 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 


PHIl  =  lo} 
PHI2  =  hi; 
ASN  =  hi} 
LDSN  =  ha} 
UDSN  =  hi} 


!  Phase  2 

!  Of  ClocK  Cycle  4 
!  Deoctivote  Address  Strobe 
!  Deoctivote  Lower  Dato  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Are  Ploced  Into  Instruction 


r 


DTftCKN  =  hi; 
next; 


!  Register 

!  deactivate  Dato  Tran&fer(Added) 
!  i^cKnowledge 


T  =  51 
next ; 


ClocK  Cycle  5 

Execute  Previous  Assignsent 


PHIl  =  hi; 

PHI2  =  lo; 

RU  =  hi; 
AUENABLE  =  lo; 
HBUS  =  Oxffff; 

DBENABLE  =  lo; 
lABUS  =  AC23; 

next; 


!  Phase  1  Of 
j  ClocK  Cycle  S 
!  heeory  Read 

!  disable  Address  Bus  Buffer 
!  Return  data  Bus  To  High 
!  iDipedonce  State 
!  disable  date  Bus  Buffer 
!  Ploce  AC2]  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assigneents 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 

FCMOdE  =  srhode; 

FCSPACE  *  i; 
EXABUF  =  I ABUS ; 
IdBUS  s  dSLUORd; 


next; 

ABUS  =  EXABUF ; 
next; 


•  Phose  2  Of 
!  ClocK  Cycle  5 
!  Enoble  Address  Bus  Buffer 
!  User  Mode 
!  Accessing  Progroe 
!  Gate  Internal  Address  Bus 
!  Place  Low  Word  fro*  dC53  On 
!  Internal  doto  Bus 
!  Into  Externol  Address  Buffer 
!  Address  Placed  On  Bus (Added) 
!  Execute  Pending  Assignments 


T  =  6; 
next; 


!  ClocK  Cycle  6 
!  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  s  lo; 

RU  =  lo; 

EXDBUF  =  IdBUS ; 

SRCARRY  =  lo; 
SROVER  =  lo; 
SRZERO  -  lo; 
SRNEG  =  lo; 
next; 


)  Phase  1  Of 
!  ClocK  Cycle  6 
!  Assert  Address  Strobe 

!  Place  Contents  Of  Internal 
!  Doto  Bus  Into  External  Data  Buffer 
!  Reset  Condition  Code  Bits 


Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
if  EXDBUF  eql  0 
SRZERO  «  hi; 
DBUS  »  EXDBUF; 


!  Phase  2 

>  Of  Clock  Cycle  6 
!  Set  Zero  Condition  Bit  If  Needed 


I  Place  Data  On  External  Data  Bus 


HBENA&LE  =  hi} 
next} 


Enable  Boto  Bus 
!  Execute  Pending  Assignments 


T  =  7} 
next} 


!  ClocK  Cycle  7 
!  Execute  Assignment 


F'HIi  =  hi} 

PHI2  =  10} 

If  EXDBUF<15> 

SRNEG  =  hi; 

UKSN  =  lo} 

LDSN  =  lo} 
while  DTACKN  eql  hi 
( 

next; 


!  Phase  1 

!  Of  Clock  Cycle  7 
!  Set  Negotive  Condition  Bit 
*  If  Needed 
!  Activate  Upper  And 
!  Lower  Data  Strobes 
!  Wait  For  Memory  To  Place 
!  Date  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  7 
!  Execute  Assignments 


/»t.***t:*****t:i^*****^**$*t$*r*tift$t*$***$tii*$*$**$***rt**t$r*t/ 


T  =  8} 
next; 

PHIl  s  hi; 

PHI 2  =  lo; 

nCABUSl  =  DBUS<15;8>; 
MCABUS  +  13  *  DBUS<7:0>; 
BTACKN  =  lo; 
next; 


!  Clock  Cycle  8 
!  Execute  Assignment 

!  Phose  I 

!  Of  Clock  Cycle  8 
!  Store  Dota  From  Bus 
*  In  Memory 

!  Asserts  DTACKNFAdded) 

!  Execute  F'ending  Assignments 


T  =  7  !  Return  To  Phase  2 

!  Of  Clock  Cycle  7 

)} 

next;  !  Execute  Impending  Assignments 


/tt*t*ii*$*$***t*i.t*****>t'*jf**ii***$*ti******t**i***i**r$*$**K**t*ut**t/ 

T  -  8;  !  Clock  Cycle  8 

next;  !  Execute  Assignment 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phose  2 

!  Of  Clock  Cycle  8 
!  Execute  Pending  Assignments 


T  =  9;  !  Clock  Cycle  9 

next;  *  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 
next; 


!  Phose  1 

!  Of  Clock  Cycle  9 
!  Execute  Pending  Assignments 


pHii  =  lo; 

!  Phose  2 

PHI2  =  hi; 

!  Of  Clock  Cycle  9 

ASN  =  hi; 

!  Deactivote  /Address  Strobe 

LPSN  =  hi; 

!  Iteoctivate  Lower  Doto  Strobe 

UOSN  =  hi; 

!  beactivote  Upper  Data  Strobe 

PC  =  PC  +  2; 

!  Increiient  Progran  Counter 

IP  =  pfr; 

!  Place  Contents  Of  Prefetch 

!  Register  Into  Instruction 
!  Register 

DTACKM  =  hi; 

!  Deactivate  Doto  Transfer 
!  Acknowledge ((Sdded) 

next; 

T  =  0 
) 

!  Execute  Pending  Assigniients 

< 

!  JHP  (AO) 

/t$*$**$*.t**ift*it:*K**$*****iHtt**r*»i***ifi*$t*$**»:****t***t**$***t*t*$/ 

PHII  =  hi; 

!  Phase  1  Of 

PHI2  =  lo; 

!  Clock  Cycle  0 

ODUS  =  oxffff; 

!  Data  Bus  High  Iiipedanced 

RW  =  hi; 

!  Heiiory  Read 

ADENADLE  =  lol 

!  Disable  Address  Bus  Buffer 

LIKEN  ABLE  -  lo; 

!  Disable  Doto  Kus  Buffer 

lAKUS  =  PC; 

!  Place  PC  On  Internal  Address 
!  Kus 

next; 

!  Execute  Pending  Assignisenis 

PHII  =  lo; 

!  Phase  2  Of 

PHI2  =  hi; 

!  Clock  Cycle  0 

ALIENABLE  -  hi; 

!  Enable  Address  Kus  Buffer 

EXAKUF  =  lAKUS; 

!  Gote  Internal  Address  Kus 
!  Into  Externol  Address  Buffer 

FCrtODE  =  SRrlODE; 

!  User  Hode 

FCSPACE  =  2; 

!  Accessing  Prograe 

next; 

!  Execute  Pending  Assignoients 

ABUS  =  EXAKUF ; 

!  Address  Placed  On  Bus(Added) 

next ; 

!  Execute  Pending  Assignments 

T  =  1; 

!  Clock  Cycle  1 

next; 

!  Execute  Assignment 

PHII  =  hi; 

!  Phase  1  Of 

PHI2  =  lo; 

!  Clock  Cycle  1 

ASN  =  lo; 

!  Assert  Address  Strobe 

LDSN  =  lo; 

!  Assert  Lower  Data  Strobe 

UDSN  =  lo; 

!  Assert  Upper  Doto  Strobe 

lABUS  =  AC03; 


DBENABLE  =  hi? 
next; 


hove  Junip  hddress  Froft  ACOD 
To  Internal  Address  Buffer 
Enable  Data  Bus 
Execute  Pending  Assignibents 


PHIl  =  lo; 
PHI2  =  hi; 
PC  =  I ABUS ; 


next; 


!  Phase  2 

'  Of  ClocK  Cycle  1 
!  Place  JuBip  Address  Into  Prograni 
!  Counter 


T  =  2; 
next; 


!  Clock  Cycle  2 
<  Execute  Assignsient 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  egl  hi 
< 

next; 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  Heitory  To  Piece 
1  Bata  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  Assignments 


/ti!i:t**$*t**it:t*}>:U*ilitiii:*$**ii*****i^*$***$**$***t*t**i($*f  **$$**$./ 


T  =  3; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

tiBUS<15:8>  =  hCABUSi; 
DBUS<7;0>  =  HCABUS  +  ii; 
DTACKN  =  lo; 
next; 


!  ClocK  Cycle  3 
>  Execute  Assignment 

!  Phase  1 

!  Of  Clock  Cycle  3 
!  hemory  Places  Instruction 
!  On  Dato  Bus  And 
!  Asserts  DTACKN! Added) 

!  Execute  Pending  Assignments 


/$$$)ii$iHiH$$$t*ii:*9i$$**r»:***$**9:******************$************/ 

T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

); 

next;  '  Execute  Impending  Assignments 


/$*tt:*****************9i$$******$****************tttt*********t***i./ 

1=3;  !  ClocK  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PH12  =  hi; 
EXDBUF  =  DBUC; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/t*i^tt****-*%**t*t*i^%t*1i-**t*****t$t^t**%**t*%t**t*****%**t****ii^**t*%/ 
T  =  4;  !  ClocK  Cycle  4 

next;  !  Execute  h^usigniient 


next; 

PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LDSN  =  hi; 
UIiSN  =  hi; 
UTACKN  =  hi; 


PHIl  =  hi;  !  Phase  1 

PH12  =  lo;  !  Of  ClocK  Cycle  4 

next; 

PFR  =  EXDPUF;  !  The  Contents  Of  The  External 

!  Dota  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 

next;  !  Execute  Pending  Assignments 

PHIl  =  lo;  \  Phose  2 

PHI2  =  hi;  !  Of  ClocK  Cycle  4 

ASN  =:  hi;  !  Beoctivate  Address  Strobe 

LDSN  =  hi;  !  Deactivate  Lower  Doto  Strobe 

UDSN  =  hi;  !  Deactivate  Upper  Data  Strobe 

DTACKN  =  hi;  !  Deoctivate  Data  Transfer 

!  AcKnowledge(Added) 

next; 

/t*tt*1li*tili******t******ttli***%%*%*tt**t*1l^t*%1l-%%*t*%*’ll.**%**9tt**t'll.*t/ 

T  =  5;  !  ClocK  Cycle  5 

next;  !  Execute  Previous  Assigniient 


PHIl  =  hi; 

PHI2  =  lo; 

RU  =  hi; 

ADENABLE  =  lol 
DBENABLE  =  lo; 

I ABUS  =  Pc; 

next; 

PHIl  =  lo; 

PH12  =  hi; 
ADENABLE  =  hi; 
FCHODE  =  SRMODC; 
FCSPACE  =  2; 
EXABUF  =  I ABUS ; 
next; 

ABUS  =  EXABUF ; 
next; 


Phase  1  Of 
!  ClocK  Cycle  5 
!  Heiiory  Read 

t  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 

!  Phase  2  Of 
!  ClocK  Cycle  S 

*  Enable  Address  Bus  Buffer 
!  User  Node 

!  Accessing  Program 
!  Gate  Internol  Address  Bus 

•  Into  External  Address  Buffer 
!  Address  Ploced  On  Bus (Added) 
!  Execute  Pending  Assignments 


T  =  <s;  !  ClocK  Cycle  6 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  »  lo; 

ASN  =  lo; 

LDSN  >  lo; 

UDSN  «  lo; 
DBENABLE  -  hi; 


!  Phose  1  Of 
!  ClocK  Cycle  6 
!  Assert  Address  Strobe 
!  Assert  Lower  Date  Strobe 
'  Assert  Upper  Data  Strobe 
'  Enable  Date  Bus 


next; 


!  Execute  Pending  Assigneenis 


PHIl  =  lo; 
PHI2  =  hi; 
next ; 


!  Phase  2 

!  Of  ClocK  Cycle  6 
!  Execute  Pending  ftssigneents 


/1litt*****%%*1l.t***t*t**t.t9.*i%%tttt**tX**t**t*tt***%t******ttt**tt**t/ 
T  =  7;  !  Clock  Cycle  7 

next;  f  Execute  i^ssigniwent 


PHll  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
( 

next; 


!  Phase  1 

!  Of  Clock  Cycle  7 
!  Uait  For  Heiiory  To  Place 
!  Date  On  The  Bus 
!  Execute  lepending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  7 
!  Execute  Assignments 


/tt*t%*%tt*\r*-**t**i^*t*%tftt*tt****t%*t*Hit*1^t*ttt*W%%*t*t%%/ 


T  =  8; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

DBUS<15:8>  =  MCftBUSi; 
DBUS<7:0>  =  ttCABUS  +13; 
BTACKN  =  lo; 
next; 


!  ClocK  Cycle  8 
!  Execute  Assijgnment 

!  Phase  1 

!  Of  ClocK  Cycle  8 
!  hemory  Places  Instruction 
!  On  Bata  Bus  And 
•  Asserts  DTACKNC Added) 

!  Execute  Pending  Assignments 


/%tt9.*******t******%*t***t**tt**t-*W$*t****tt*t9*tt**t%*t**/ 

T  =  7  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  7 

>; 

next;  !  Execute  Impending  Assignments 

/t.$$%t)firt*t**r********Mt****t****t*********iii*ii*t*$**$**nt*t**tt**t/ 


T  =  8; 

!  ClocK  Cycle  8 

next; 

!  Execute  Assignment 

PHll  = 

lo; 

!  Phase  2 

PHI2  = 

hi; 

!  Of  Clock  Cycle  8 

EXDBUF 

=  DBUO; 

!  Instruction  On  Bata  Bus 
!  Is  Ploced  In  External  Data 
!  Bus  Buffer 

next; 

!  Execute  Pending  Assignments 

/ttii^ttt**%**%***********iiit*if.t**tt**t%t**%tt***%*%ttttt*tttt%t**tt%/ 
T  =  9;  !  ClocK  Cycle  9 

next;  !  Execute  Assignment 


PHIl  =  hi; 


!  Phase  1 


PHI2  =  lo; 

PFR  =  exuruf; 


next; 


Of  Clock  Cycle  9 
The  Contents  Of  The  External 
Data  Bus  Buffer  Are  Placed 
In  Prefetch  Register 
Execute  Pending  ftssignkents 


PHIl  =  lo; 
PHI2  =  hi; 
hSN  s  hi; 
LDSN  =  hi; 
UDSN  =  hi; 

PC  =  PC  +  2; 
iR  =  pfr; 


DTrtCKN  =  hi; 


next; 
T  =  0 
) 


!  Phase  2 

!  Of  Clock  Cycle  9 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Increuient  Prog  ran  Counter 
!  Place  Contents  Of  Prefetch 
•  Register  Into  Instruction 
!  Register 

!  Deoctivote  Dato  Transfer 
!  AcKnouledge(Added) 

!  Execute  Pending  Assigneents 
!  Reset  Clock  Cycle  Counter 


dec ode_executfc_p refetch  ;= 

-  "  ~  < 

case  IR 

0155103:  odd 
035001  :  eoved 
032205  :  bovei 
047320  ;  jftp 

esac 

) 


!  ADD.U  D3,D5 
!  HOUE.U  DlrDS 
!  KOUE.U  D5»(A2) 

!  JMP  (AO)  If  IR  =  Octal  Value 


Biain 

< 

pouer_on_initialize; 
fetch_iriitial_inssruction ; 
while  READY  eql  hi 
( 

decode_execute_prefetch 

) 


/t  %/ 

/%  hOTOftOLA  «C68000  MODEL  OF  THE  BEQ  *1000  INSTRUCTION  */ 

/%  %/ 

/*  %/ 

/%  Structure  Declarations  %/ 

/*  »/ 

/x%x*xtxx*xtxxx***tt*xx**xx*txtx*x***tx*$x*xtxrx*tt*xxt*tt*ttxt*xx*xx**t/ 

state 

/xxx**xx**t*tt*xxx*xxx%%xt.xxxxtxxxt*xt*xt*x*txtt*t%xttxtxxx%xttx%x**xx%*/ 

/%  X/ 

/%  H68000  Prograiiiiing  Registers  */ 

/%  X/ 

/xxxxxxxxxxxxxxxtttxxxxxxttxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxtxxxxxxx/ 


DC0:73<3i:0>, 

ft£0:6D<3i:0>, 

UA7<31t0.>, 

SA7<3i:0>, 

PC<3i:o>, 

SR<15:0>, 


!  8  Data  Registers 
!  7  Address  Registers 
!  User  StacK  Pointer 
!  Systee  StacK  Pointer 
!  Progro*  Counter 
!  .Status  Register 


/xxxxxxxtxxxxxtxxxxxxtxxxxtttxxxtxttxxxxtxxxxxtxxxtxttxxxxxtxtxxxxxxtttx/ 

/X  »/ 
/X  Teftporary  Internal  Registers  X/ 
/%  »/ 
/XXXXXXXXXXX%XXX.XXXXXXXXXXX%XX%XXXX%XVAXX%t%%XXX%XX%%X%X%t%%X%X%%X.X%%tX/ 


pFR<i5;o;>, 

IR<15:0>, 

FC<2;0>, 

EXDBUF<15}0;>, 

EXABUF<23:i;>, 

alubufi<3i;o>, 

ALUBUF2<3i;0>, 

DTEMP<15;0>,- 

DISREG<3i;0>, 

SRTEMP<15;0>, 

IRT£MP<15J0>r 

TEHPADR<3i;0>f 

ACTYPE<15:0>, 

VECADR<23S0>, 


Prefetch  Register 

Instruction  Register 

Function  Code  Register 

External  Date  Bus  Buffer  Register 

External  Address  Bus  Buffer  Register(chonged) 

ALU  Buffer  1 

ALU  Buffer  2 

Teeporory  Data  Storoge 

Tesporory  Bisplaceiient  Storage 

Teeporory  Stotus  Register  Storoge 

(Exception  Processing) 

Teaporory  Instruction  Register  Storage 
(Exception  Processing) 

Teeporory  Cycle  Address  Storoge 
(Exception  Processing) 

Teeporory  Access  Type  Storage 
(Exception  Processing) 

Temporary  Vector  Address  Storage 
(Exception  Processing) 

C-291 


HANAriR<3i;0>, 

T<7:0>, 

RESET , 

HrtLT, 

RU, 

ADENAEiLE, 

DBENftBLE, 

ASN, 

LDSN, 

UHSN, 

DTftCKN, 

GOUT, 

EXCEPT, 

READY, 


!  Teiiporory  Address  Storoge  For 
!  Exception  Handler  Routine 
!  Clock  Cycle  Counter 
!  Reset  Flip-Flop 
!  Holt  Flip-Flop 
!  Read/Urite  Flip-Flop 
!  Address  Bus  Buffer  Enable 
!  Data  Bus  Buffer  Enable 
!  Address  Strobe  Flip-Flop 
!  Lower  Data  Strobe  Flip-Flop 
!  Upper  Date  Strobe  Flip-Flop 
!  Date  Transfer  Acknowledge  Flip-Flop 
!  Carry  Flip-Flop 
!  Exception  Processing  Flip-Flop 
!  Reody  Flip-Flop 


/%  %/ 

f%  Model  transforijiution  booificationst  %/ 

/%  %/ 

/%  1)  CDL  decoder  structure  nonexistent  in  ISP'  ond  un-  */ 

Jt  necessary  for  iiodel.  Eliniinated,  t/ 

/t  2)  Multi-phase  clock  structure  nonexistent  in  ISP'.  %/ 

/%  Operations  on  registers  will  provide  its  equivalent.  t/ 

/»  3)  Switch  structure  nonexistent  in  ISP'.  Operation  on  a  */ 

/t  register  will  provide  its  equivalent.  t/ 

/*  A)  The  declared  bus  structures  are  fcodeled  with  registers  %/ 

/%  without  loss  of  model  uccurracy.  This  done  to  maintain  model  t/ 

/%  equivalency  and  simplicity.  %f 

/%  Z)  The  memory  word  length  was  reduced  from  16  to  8  bit  t/ 

/%  words  to  coincide  with  the  ECB's  32-Kbyte  memory,  to  ogree  with<[/ 

/%  their  PC  incrementation,  and  to  enable  the  use  of  existing  %/ 

/%  MC68000  assembler  and  linker/loader  models.  The  memory  was  %/ 

/t-  also  reduced  from  8  Mwords  to  32  Kbytes.  %/ 

/%  %/ 


lABUS<3liO>,  !  Internol  Address  Bus 

IDBUS<31  !0.>,  !  Internal  Data  Bus 

SWITCH,  !  Power  Switch 

PHIl,  !  Phase  1  Of  Two-Phase  Clock 

PHI2;  !  Phase  2  Of  Two~Pbose  Clock 


port 


/»  »/ 

/%  External  Address  ond  Data  Bus  %/ 

/t  */ 


DBusa5:o>, 

ABUS<23;i>; 


!  External  Data  Bus 
!  External  Address  Busichanged) 


foruat 


/%  %/ 

/%  Register  Subfields  %/ 

/%  %/ 


PCrtDDft 

= 

PC<23:0>,  ! 

Progrofii  Counter  Address  Field 

SRTKACE 

= 

SRa5>,  ! 

Trace  Bit 

SRMODE 

SR<13>,  ! 

Mode  Selection  Bit 

BRCARRY 

= 

SR<0>,  ! 

Carry  Bit 

SROVER 

- 

SR<1>,  ! 

Overflow  bit 

SRZERO 

= 

SR<2> ,  ! 

Zero  Bit 

SRNEG 

= 

SR<3>,  \ 

Negative  Bit 

SREX 

= 

SR<4>,  ! 

Extend  Bit 

SRMASK 

= 

SR<10:8>,  ! 

Interrupt  MosK 

fCSF-ACE 

= 

FC<i;0>,  ! 

Meikory  Access  Address  Spoce 

FCMODE 

= 

FC<2>,  ! 

User/Supervisor  Mode  Bit 

PCLDU 

£ 

PC<15;0>,  ! 

PC  Lou  Word 

PCHI 

= 

PC<3i:i6;:,  ! 

PC  High  Uord 

nOLUORIi 

= 

DC0D\lt.;0>,  ! 

[iL03  Low  Uord 

DlLUORIi 

[iClK15J0>,  ! 

DC  13  Low  Uord 

l<2LU0Rli 

£ 

tiC23a5;0>,  ! 

DC23  Low  Uord 

I13LU0RII 

s 

IiC33<:i5;0>,  ! 

IIC33  Low  Word 

mLUORD 

ll[43<15:0>,  ! 

Dl43  Low  Uord 

nSLUORD 

= 

IiC53<15;0>,  ! 

DCS3  Low  Uord 

Ii6LU0RIi 

ItC63<15:0>,  < 

liC63  Low  Uord 

ti7LU0Rti 

= 

IiC73<15;0>,  ! 

DC73  Low  Uord 

D1SRE6HU0RB 

- 

liISRE6<3in6>, ! 

DISRE6  High  Uord 

DISREGLUORli 

= 

DISRE&<15:0>, 

BISREG  Low  Uord 

HANAliRLOU 

HANAHR<l5;o;>,  ! 

HANAliR  Low  Uord 

HANAliRHI 

S 

HANADR<3i:i6>, ! 

HANADR  High  Uord 

TEMPADRLOW 

= 

TErtPAIiR<15:0>,  ! 

TEMPADR  Low  Word 

TEMPftBRHI 

TEMPAliRs3i;i6>; 

TEMPADR  High  Word 

meinory 


/%  %/ 

/t  16K  16-Bit  Uord  Internal  MeEiory  %/ 

/»  t/ 

/%xx%xxx***xxx*xx*xt*x**x**xxxx**xtx*t%*xxx$tx****%x**xxx****tt****x*x*t/ 


P»C0:32767D<7:0>; 


RiOC  T  O 


/*  %/ 
/%  Logic  Level  Macros  %/ 


Logic  Level  Macros 


lo  =01, 
hi  1  i, 
off  =01, 
on  =  1  &, 
clear  =  0  tj 


/*  t/ 
/%  Power  On  and  Initialization.  This  process  was  not  modeled  but  is  %/ 
/%  added  to  initialize  signals  and  registers.  t/ 
/%  %■/ 


power_on_initialize  J= 


( 


on; 


SUITCH  = 
next$ 

READY  =  lo; 
RESET  =  lo; 
delay<100); 
RESET  =  hi; 
next; 

ASN  =  hi; 

LDSN  =  hi; 

UDSN  =  hi; 
DTACKN  =  hi; 

RU  =  hi; 

DBUS  =  Oxffff; 
HCOxIOOq]  =  Ox 
MiOxiOObD  =  Ox 
HALT  =  hi; 


ff; 

ff; 


T  =  o; 
READY  = 


hi; 


Low) 


Turn  Power  On 
Execute  Assignment 
System  Not  Ready 
Assert  Reset  For 
100  Hiliseconds(Active 
Deactivate  Reset 
Execute  Pending  Assignments 
Initialize  Address  Strobe 

Lower  Data  Strobe 
Upper  Data  Strobe 
Dota  Tronsfer  Acknowledge 
Read/Urite(Read  On  High) 
Dus  In  High  Impedance  State 


Initialize 
Initialize 
Initiolize 
Initialize 
Place  Data 


Place  Henory  Locations  Following  The 
!  JHP  Instruction  In  A  High  State 
Initialize  Holt  Flip-Flop(Active 
Low) 

Initiolize  Clock  Cycle  Counter 
System  Ready 


/%x%xxx%xxxxx%xx%xx%xtxxxxxx%%%%xx%x%xx%t%%%%%%%tt%%%%%%x%tt%%%%/ 
/»  */ 
/%  Routine  Initialization  Per  Hamby  ond  Guillory  X/ 
/X  X/ 

/xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx/ 


SRHODE  =  lo; 

Dcn  =  0x55555555; 
DC23  =  0x00000000 ; 
AC03  =  OxlOOO; 

PC  =  0x1 000 ; 
next 
) 


!  Set  Stotus  Register  To  User  Node 
!  Place  Hex  55555555  Into  DC13 
!  Place  0  Into  DC23 
>  Ploce  Hex  1000  Into  AC03 
!  Place  Hex  1000  Into  Program  Counter 
!  Execute  Assignments 


/X  X/ 
/X  Initial  Fetch  Cycle.  This  cycle  was  not  modeled  but  is  necessary  .X/ 
/X  to  retrieve  modeled  instructions  for  simulotion  ond  anolysis.  It  X/ 


/¥  uas  foshsioned  froRi  the  Read  Cycle  described  by  Haiiby  ond  Guillory  %/ 
/t  on  page  VI-15  of  their  thesis.  t/ 
/%  %/ 

fetch  initial  instruction  ?= 


PHIl  =  hi} 

PHI2  =  lo} 

RW  =  hi} 
ADENhBLE  =  lo} 
UBENABLE  =10} 
lABUS  =  PC} 


next} 


!  Phase  1  Of 
>  Clock  Cycle  0 
!  henory  Read 

!  Bisable  Address  Bus  Buffer 
!  Disable  Doto  Bus  Buffer 
!  Ploce  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo} 

PHI2  =  hi} 
ADENABLE  =  hi} 
EXABUF  =  I ABUS} 

FCMODE  =  SRrtODE} 
FCSPaCE  =  2} 
next} 

ABUS  =  EXABUF} 
next} 


•  Phase  2  Of 
!  Clock  Cycle  0 
■  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Progroe 
!  Execute  Impending  Assignments 
'  Address  Placed  On  Bus (Added! 

!  Execute  Pending  Assignments 


T  =  1} 
next} 


Clock  Cycle  1 
Execute  Assignment 


PHIl  =  hi} 

PHI2  =  lo} 

ASM  =  lo} 

LDSN  =  lo} 

UDSN  =  lo} 
UBENABLE  =  hi} 
next} 


!  Phase  1  Of 
!  Clock  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Doto  Strobe 
!  Assert  Upper  Doto  Strobe 
!  Enable  Dato  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo} 
PHI2  =  hi} 
next} 


!  Phase  2 

>  Of  Clock  Cycle  1 
!  Execute  Pending  Assignments 


T  =  2}  !  Clock  Cycle  2 

next}  !  Execute  Assignment 


PHIl  =  hi} 

PHI2  =  lo} 

while  DTACKN  eql  hi 


!  Phose  1 

!  Of  Clock  Cycle  2 
!  Wait  For  Memory  To  Place 


( 

next; 


!  [lato  On  The  Bus 
!  Execute  lupending  ^ssigninents 


PHii  =  lo; 

!  Phase  2 

PHI2  =  hi; 

!  Of  ClocK  Cycle  2 

next; 

!  Execute  Assignments 

T  =  3; 

!  ClocK  Cycle  3 

next; 

!  Execute  Assignment 

PHII  =  hi; 

!  Phase  1 

PHI2  =  lo; 

!  Of  ClocK  Cycle  3 

IiBUS<15;8>  =  riCrtbUS3; 

*  hemory  Places  Instruction 

HBUS<7:0>  =  MthBUS  +13; 

!  On  Dato  Bus  And 

IiTACKN  =  lo; 

!  Asserts  DTACKN(Added) 

next; 

!  Execute  Pending  Assignments 

1=2 

!  Return  To  Phase  2 

); 

next; 

!  Of  ClocK  Cycle  2 

!  Execute  Impending  Assignments 

T  =  3; 

!  ClocK  Cycle  3 

next; 

!  Execute  Assignment 

PHII  =  lo; 

!  Phase  2 

PHI2  =  hi; 

!  Of  ClocK  Cycle  3 

EXUBUF  =  BBUS; 

!  Instruction  On  Data  Bus 
!  Is  Ploced  In  Externol  Doto 
!  Bus  Buffer 

next; 

!  Execute  Pending  Assignments 

T  =  4; 

!  ClocK  Cycle  4 

next; 

!  Execute  Assignment 

PHII  =  hi; 

!  Phase  1 

PHI2  =  lo; 

!  Of  ClocK  Cycle  4 

PFR  =  EXUBUF ; 

!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Placed 

In  Prefetch  Register 

next; 

!  Execute  Pending  Assignments 

Prill  =  lo;  . 

«  Phase  2 

PHI2  =  hi; 

!  Of  ClocK  Cycle  4 

ASN  =  hi; 

!  Deoctivote  Address  Strobe 

LDSN  =  hi; 

‘  Deactivate  Lower  Data  Strobe 

UDSN  =  hi; 

!  Deactivate  Upper  Data  Strobe 

IB  =  pfr; 

!  Contents  Of  Prefetch  Register 
!  Are  Ploced  Into  Instruction 

PHIl  =  10} 

1 

Phose  2  Of 

PHI2  =  hi} 

1 

ClocK  Cycle  11 

ALIENABLE  =  hi} 

1 

Enable  Address  Bus  Buffer 

EXABUF  =  I ABUS} 

j 

1 

Gate  Internal  Address  Bus 

Into  External  Address  Buffer 

FCHODE  =  SRrtODE} 

1 

User  Node 

rCSPACE  =  2} 

i 

Accessing  Program 

next } 

j 

Execute  Ibpending  Assignoients 

ABUS  =  EXABUF} 

1 

Address  Placed  On  Bus(Added) 

next} 

! 

Execute  Pending  Assignihents 

T  =  12} 

I 

Clock  Cycle  12 

next} 

! 

Execute  Assignment 

PHIl  =  hi} 

! 

Phase  1  Of 

PHI 2  =10} 

1 

Clock  Cycle  12 

ASN  =  lo} 

1 

Assert  Address  Strobe 

LDSN  =10} 

! 

Assert  Lower  Bato  Strobe 

UHSN  =10} 

! 

Assert  Upper  Data  Strobe 

IiBENABLE  =  hi} 

! 

Enable  Data  Bus 

next} 

1 

Execute  Pending  Assignments 

PHIl  =  10} 

! 

Phase  2 

PHI2  =  hi} 

! 

Of  Clock  Cycle  12 

next} 

1 

Execute  Pending  Assignments 

II 

j 

Clock  Cycle  13 

next} 

j 

Execute  Assignment 

PHIl  =  hi} 

! 

Phase  1 

PHI2  =  lo} 

! 

Of  Clock  Cycle  13 

while  BTACKN  eql  hi 

! 

Wait  For  Memory  To  Ploce 

< 

! 

Data  On  The  Bus 

next} 

! 

Execute  Impending  Assignments 

PHIl  =  lo} 

1 

Phose  2 

PHI2  =  hi} 

! 

Of  Clock  Cycle  13 

next} 

! 

Execute  Assignments 

/$$$*U**$*$$*t**$***$*******$**$*$**$*U$$$***$$******$$**$/ 

T  =  14} 

} 

Clock  Cycle  14 

next; 

! 

Execute  Assignment 

PHIl  =  hi} 

! 

Phase  1 

PHI2  =  lo} 

t 

Of  ClocK  Cycle  14 

riBUS<15;8>  =  HCABUS3; 

1 

Hemory  Places  Instruction 

liBUS<7!0>  =  MCABUS  +  13} 

! 

On  Date  Bus  And 

DTACKN  =  lo} 

1 

Asserts  DTACKN (Added) 

next} 

! 

Execute  Pending  Assignments 

C-2s8 

-•-v.wv.v.v.v.v.v '.-wv' 

-.O.  .\XV> 

/t*****************t***t%*t**tt$t****t**t**tt*iit%t**t^tt***tt/ 

T  =  13  !  Return  To  Phase  2 

!  Of  Clock  Cycle  13 

); 

next;  !  Execute  lnipending  ftssignaents 


1  =  14;  !  Clock  Cycle  14 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXLiRUF  =  BEUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  14 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Bato 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  15;  !  Clock  Cycle  15 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 

PER  =  exbbuf; 


ncvit ; 

PHIl  =  lo; 
PHI2  =  hi; 
ASH  *  hi; 

iR  =  pfr; 

DTACKN  =  hi; 
LUSN  =  hi; 
UBSN  =  hi; 

PC  =  PC  +  2; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  15 
!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  15 
!  Deactivote  Address  Strobe 
!  Place  Prefetch  Register  Into  IR 
!  Activate  Boto  Tronsfer  Acknowledge 
!  beoctivote  Lower  Boto  Strobe 
!  Deactivate  Upper  Bata  Strobe 
!  Increment  Progrom  Counter 
i  Execute  Pending  Assignments 


T  =  0  !  Reset  Clock  Cycle  Counter 


nobronch  5= 
( 


!  Incrment  PC 


next; 


T  =  5;  !  Clock  Cycle  5 


ftDENABLE  =  lo; 

UBENABLE  =  lo; 

DBUS  =  Oxffff; 
next; 

PHIl  =  lo; 

PH12  =  hi; 
next; 

T  =  6;  !  Clock  Cycle  6 


next ; 

PHIl  = 

hi; 

PHI2  = 

lo; 

next; 

PHIl  = 

lo; 

PHI2  = 

hi; 

next; 

/ttti7lf$llit*ti**r-t*t*********t***$****t****tt**t*tt**t$*t***'f*ttt***t*/ 
T  =  7;  !  Clock  Cycle  7 

next; 

PHIl  =  hi; 

PHI2  =  lo; 
next; 

PHIl  =  lo; 

PH12  =  hi; 
next; 

/t%t%ll.%tt%^t%tii:t**%%t*%t%*tTf.*t*t*tttt***%***%**t**tt********$*%**%/ 
T  =  8;  !  Clock  Cycle  8 

next; 

PHIl  =  hi; 

PHI2  =  lo; 
next; 

PHIl  =  lo; 

PHI2  =  hi; 

IR  =  PFR;  !  Ploce  Prefetch  Register  Into  IR 

next; 

T  =  0;  !  Reset  Clock  Cycle  Counter 

) 


Disable  <Sddress  Bus 

Disable  Dato  Bus 

Data  Bus  High  lupedanced 


!  BEO  tlOOO 


/tt*tt**%ttt*******txy^i.u*t*it-t*******t***t*vi**tt****t%t***%t*tiit*t*/ 


PHII  =  hi; 

!  Phase  1  Of 

PHI2  =  lo; 

!  ClocK  Cycle  0 

ftu  =  hi; 

ADENABLE  =  lo; 

!  Memory  Read 
!  Disable  Address  Bus 

tiBENABLE  =  lo; 

!  Disable  Data  Bus 

hbus  =  oxffff; 

!  Dota  Bus  In  High  Impedonce  State 

I ABUS  =  pc; 

!  Place  PC  On  Internal  Address 
!  Bus 

next; 

!  Execute  Pending  Assignments 

•  ' 

PHII  =  lo; 

!  Pnase  2  Of 

•*.**.■ 

PHI2  =  hi; 

!  ClocK  Cycle  0 

ADENABLE  =  hi; 

!  Enable  Address  Bus  Buffer 

V-' 

EXaBUF  =  I ABUS ; 

!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 

r— ,  .  - 

FChODE  =  SRhODE; 

!  User  Mode 

. 

FCSPACE  =  2; 

!  Accessing  Program 

v-v ; 

ne>?t; 

!  Execute  Impending  Assignments 

ABUS  =  EXABUF; 

!  Address  Placed  On  Bus(Added) 

-'/**■*' 

next; 

!  Execute  Pending  Assignments 

1 . 

T  =  i; 

!  ClocK  Cycle  1 

next; 

!  Execute  Assignment 

PHII  =  hi; 

!  Phase  1  Of 

PHI2  =  lo; 

!  Clock  Cycle  1 

ASH  =  lo; 

!  Assert  Address  Strobe 

LUSH  =  lo; 

!  Assert  Lower  Dota  Strobe 

• 

unsN  =  lo; 

!  Assert  Upper  Doto  Strobe 

DBENABLE  =  hi; 

!  Enoble  Doto  Bus 

next; 

!  Execute  Pending  Assignments 

pHii  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  1 
!  Execute  Pending  Assignments 


/^t}^%t*%t%^^*%%%t1(.t***^Vi*U$*$*****ti***f****tt**t**i**'l^t*t**$*t*t**t/ 

1=2;  !  ClocK  Cycle  2 

next;  !  Execute  Assignment 


PHII  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
( 

next; 


Phase  1 

Of  ClocK  Cycle  2 

Wait  For  Heiiory  To  Place 

Data  On  The  Bus 

Execute  Impending  Assignments 


PHII  = 
PHI2  = 
ne>:t» 


lo; 

hi; 


Phase  2 

Of  ClocK  Cycle  2 
Execute  Assignments 


:-50i 


5// 


T  =  3;  !  Clock  Cycle  3 

nextr  ■  Execute  Assigniuent 


PHIl  =  hi,* 

PHI2  =  lo; 

DBUS<15:8>  =  HCABUS:^ 
IiBUB<7:0>  =  HCABUS  +13; 
DTACKN  =  lo; 
next; 


Phase  1 

!  Of  Clock  Cycle  3 
!  hemory  Places  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKNfAdded ) 

!  Execute  Pending  Assigniuents 


T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

); 

next;  !  Execute  Inpending  Assignments 


/t**i:********$****t*t****ii********1i.*****tt**t%*t*t*-tttt***tt*t**t%/ 
T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  BBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Bata  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  4;  .»  Clock  Cycle  A 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 

PFft  =  EXDBUF ; 


next; 

PHIl  =  lo; 
PHI2  =  hi; 
DTACKN  =  hi; 
ASN  =  hi; 

LDSN  =  hi; 
UBSN  =  hi; 
next; 
if  SRZEftO 
branch 

else  nobronch 
) 


!  Phase  1 

!  Of  Clock  Cycle  4 
!  The  Contents  Of  The  Externol 
!  Dato  Bus  Buffer  Are  Ploced 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  4 

*  Deoctivote  Data  TronsferlAdded ) 
!  Deoctivote  Address  Strobe 

!  Deoctivote  Lower  Data  Strobe 
!  Deoctivote  Upper  Date  Strobe 
!  Acknowledge 

•  If  Zero  Bit  Is  Set  Then 
!  Execute  Bronch  Cycle 

<  Else  Execute  Nonbronch  Cycle 


PHIl  =  hi; 

PHI2  =  lo; 

neus  =  oxffff; 

PW  =  hi; 

AHENABLE  =  lo; 

DBENAbLE  =  lo; 

I ABUS  =  PC; 

case  IR 

0x3601 :  IDBUS  =  BILUORB 
0x3602;  IBBUS  =  [I2LU0RD 

esac; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  0 

!  Place  Bata  Bus  In  High  Inpedance 
!  Heiiory  Read 

*  Disable  Address  Bus  Buffer 
!  Disable  Date  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  place  Low  Uord  Pros  DC11/DC2]  Onto 
!  Internal  Data  Bus 


!  Execute  Pending  Assignisents 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  I ABUS ; 

FCrtODE  =  srmode; 

FCSPACE  =  2; 
SftCAftRY  =  lo; 
SFiOOER  =  lo; 
SRZERO  =  lo; 
SRNEG  <=  lo; 
D3LU0RD  =  IDBUS; 

next; 

ABUS  =  EXABUF ; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bu'^  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer  . 

!  User  Hode 
!  Accessing  Prograe 
!  Clear  Stotus  Register  Carry  Bit 
!  Clear  Stotus  Register  Overflow  Bit 
!  Clear  Status  Register  Zero  Bit 
!  Clear  Status  Register  Negotive  Bit 
!  Place  Doto  Froe  Internal  Dota  Bus 
!  Into  Low  Uord  Of  IIC33 
!  Execute  lepending  Assigniiients 
!  Address  Ploced  On  Bus< Added) 

*  Execute  Pending  Assignments 


T  =  If  !  Clock  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PH12  =  lo; 

ASH  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
LiBENABLE  -  hi; 
if  D3LU0RD  egl  0 
SRZERO  -  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Doto  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enable  Date  Bus 
!  Set  Status  Register  Zero  Bit 
!  If  Moved  Data  Is  Zero 
!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 

If  ItC23<15> 
SRNEG  =  hi; 


!  Phose  2 

f  Of  Clock  Cycle  1 
!  Set  Status  Register  Negative 
!  Bit  If  Moved  Data  Is  Negative 


next! 


<  Execute  Pending  Assignments 


/tt*t%*******ttti^*******t%.t%%ii.tiitt*tt*%**t*ii.tt***$**%t*t-t*tif.ttt*tt/ 

»  Clock  Cycle  2 
I  Execute  Assignment 


T  =  2! 
next! 


PHIl  =  hi} 

PHI2  =  lo} 
while  LTACKN  eql  hi 
( 

next} 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  hemory  To  Place 
!  Data  On  The  Bus 
j  Execute  Impending  Assignments 


PHIl  =  lo} 
PHI2  =  hi} 
next} 


!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  Assignments 


/U*****U***************t**tt**t*.*t%tttt*'tit%ttt**t*-tt1Hl-tt*%/ 


T  =  3} 
next} 

PHIl  =  hi} 

PHI2  =  lo} 

Ii£iUSa5}8>  =  MCABUS3} 
IiBUS<7:0>  =  nCABUS  +11} 
DTACKN  =  lo} 
next} 


!  Clock  Cycle  3 
!  Execute  Assignment 

!  Phase  1 

!  Of  Clock  Cycle  3 
!  Memory  Pieces  Instruction 
!  On  Data  Dus  And 
!  Asserts  DTACKH(Added) 

!  Execute  Pending  Assignments 


T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

)} 

next}  !  Execute  Impending  Assignments 


T  =  3} 
next} 


!  Clock  Cycle  3 
!  Execute  Assignment 


PHIl  =  lo} 

PHI2  =  hi} 
EXDBUF  =  DBUS} 


next} 


!  Phose  2  • 

!  Of  Clock  Cycle  3 
!  Instruction  On  Dots  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


7=4}  !  Clock  Cycle  4 

next}  !  Execute  Assignment 


PHIl  =  hi} 
PHI2  =  lo} 

PFR  =  EXDBUF} 


!  Phase  1 

!  Of  Clock  Cycle  4 
!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 


next; 


!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LUSN  =  hi; 
UHSN  =  hi; 

IR  =  pfr; 


[iTACKN  =  hi; 

PC  =  PC  +  2; 
next; 

T  =  0 
) 


!  Phcse  2 

!  Of  Clock  Cycle  4 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivote  Upper  Data  Strobe 
!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 
!  Register 

!  Deactivote  Data  Tronsfer( Added) 
!  Acknowledge 

!  Increment  Program  Counter 
!  Execute  Impending  Assignments 
!  Reset  Clock  Cycle  Counter 


!  JMP  (AO) 


< 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS  =  Oxffff; 
RW  =  hi; 
ADENADLE  -  lo; 
UDENABLE  -  lo; 
lABUS  *  pc; 


next; 


Phase  1  Of 
Clock  Cycle  0 

Place  Doto  Bus  In  A  High  Impedance 
Memory  Reod 

Disable  Address  Bus  Buffer 
Disable  Doto  Bus  Buffer 
Place  PC  On  Internal  Address 
Bus 

Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  I ABUS ; 

FCMODE  =  SRMODE; 
FCSPACE  =  2; 
next; 

ABUS  =  exabuf; 
next; 


Phose  2  Of 

Clock  Cycle  0 

Enable  Address  Bus  Buffer 

Cote  Internal  Address  Bus 

Into  External  Address  Buffer 

User  Mode 

Accessing  Program 

Execute  Pending  Assignments 

Address  Placed  On  Bus( Added) 

Execute  Pending  Assignments 


T  =  i; 
next; 


Clock  Cycle  1 
Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 
ASN  -  lo; 
LDSN  »  lo; 


)  Phose  1  Of 
!  Clock  Cycle  1 
*  Assert  Address  Strobe 
!  Assert  Lower  Doto  Strobe 


UDSN  =  lo; 
lABUS  =  AC03; 

IiBENAiiLE  =  hi; 
next; 

PHIl  =  lo; 

PH12  =  hi; 

PC  =  lABUS; 

next; 


Assert  Upper  Iioto  Strobe 
‘  Move  Jump  Address  Froe  ACOD 
!  To  Internal  Address  Buffer 
!  Enoble  Bota  Bus 
!  Execute  Pending  Assigneents 

!  Phase  2 

!  Of  Clock  Cycle  1 

!  Place  JuOip  Address  Into  Prograni 
!  Counter 


^  =  2 >  !  Clock  Cycle  2 

!  Execute  AsslgnEient 


PHIl  =  hi; 

PHI2  *  lo; 
while  DTACKH  egl  hi 
< 

next; 

PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  1 

I  Of  Clock  Cycle  2 
!  Wait  For  Meeory  To  Place 
!  I'Qta  On  The  Bus 
!  Execute  Inipending  Assigniuents 

!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  Assigniients 


/$$t***i^:f*ti**r**t*$tt*******tt$$*ttitiii:****$*i^**tt*tt*1i*****1ft/ 

T  =  3;  '  Clock  Cycle  3 

next;  Execute  Assigneent 


PHIl  =  hi; 

PHI2  =  lo; 

IiBUS<15‘.8>  =  HCABUSi; 
D&us<7:o;>  =  MCABUS  +  ii; 
DTACKN  =  lo; 
next; 


!  Phase  I 

?  Of  Clock  Cycle  3 
!  Meiiiory  Places  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKNC Added) 

!  Execute  Pending  Assigneents 


T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

); 

next;  !  Execute  lepending  Assigneents 

/$:$$$}t$tit]ii$r}H***$$*$******$**t****$t**$n*t**r****$$i$*$*f$*t**t***t/ 

T  =  3;  !  Clock  Cycle  3 

next;  !  Execute  Assigneent 


PHIl  =  lo; 

PHI2  =  hi; 
EXUBUF  =  IiBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Dato  Bus 
J  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 
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T  =  4}  !  ClocK  Cycle  4 

next;  !  Execute  /^ssigniient 


PHIl  =  hi; 
FHI2  =  lo; 
next; 

PFR  =  exdbuf; 


next; 


!  Phase  1 

!  Of  Clock  Cycle  4 

!  The  Contents  Of  The  External 
!  Boto  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignnents 


PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LDSN  -  hi; 
UBSN  =  hi; 
DTACKN  =  hi; 


!  Phase  2 

!  Of  Clock  Cycle  4 
!  Beactivote  Address  Strobe 
!  Beactivote  Lower  Iiota  Strobe 
f  Beoctivote  Upper  Bato  Strobe 
!  Deactivate  Doto  Tronsfer 
!  Acknowledge(Added) 


next; 

/tt^U***Vt**%*tt*>i***:t*¥Ji:*)i:*****ii:********t*******t»^*ti:t*t*tn*tt*/ 

T  •-  5;  !  ClocK  Cycle  5 

next;  !  Execute  Previous  Assigniient 


PHIl  =  hi; 

PHI2  =  lo; 

RU  «  hi; 
ABENABLE  =  lo*, 
dbenable  =  lo; 

I ABUS  »  PC; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  5 
!  hekory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Doto  Bus  Duffer 
!  Ploce  PC  On  Internal  Address 
!  Bus 

<  Execute  Pending  Assignkents 


PHIl  =  lo; 

PHI2  s  hi; 
ADENABLE  =  hi; 

FChOBE  =  sraode; 

FCSPACE  *  2; 
EXABUF  =  I ABUS ; 
next; 

ABUS  =  exabuf; 
next ; 


!  Phase  2  Of 
!  ClocK  Cycle  5 
•  Enoble  Address  Bus  Buffer 
■ !  User  Mode 
!  Accessing  Progra* 

!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  Address  Ploced  On  Bus (Added) 
!  Execute  Pending  Assignnents 


T  s  6;  •  Clock  Cycle  6 

next;  '■  Execute  Assignnent 


PHIl  =  hi*, 
PHI2  =  lo; 
ASN  =  lo; 
LDSM  =  lo; 
UBSN  s  lo; 


)  Phose  1  Of 
!  Clock  Cycle  6 
\  Assert  Address  Strobe 
!  Assert  Lower  Bata  Strobe 
?  Assert  Upper  Boto  Strobe 


I'BENftliLE  =  hi; 
next; 


!  Enable  Data  Bus 
!  Execute  Pending  Assignments 


PKIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  CiocK  Cycle  6 
!  Execute  Pending  Assignments 


*  w - 

*  -  !  Ot«iC.‘^  Crcitt  y 

!  Execute  Assignment 


next; 

PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
( 

next; 

PHll  a  lo; 
PHI2  =!  hi; 
next; 


!  Phase  1 

!  Of  Clod;  Cycle  7 
!  Wait  For  Memory  To  Place 
!  Bata  On  The  Bus 
!  Execute  Impending  Assignments 

!  Phase  2 

‘  or  Clock  Cycle  7 
!  Execute  Assignments 


/^t*r*i$k***:r:*$**ik***$*t!».*kr$$$*ti.i^t***ik$tt*t**tt*Tiittif**t*t*t/ 

T  =  8}  !  Clock  Cycle  8 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  e  lo; 

IiBUS<15;8>  =  MCABUSl; 
Ii8US<7;c>  =  Ml  ABUS  +  li; 
utackn  =  lo; 
next; 


•  Phose  1 

!  Of  Clock  Cycle  8 
!  Memory  Places  Instruction 
!  On  Bata  Bus  And 
!  Asserts  BTACKN( Added) 

!  Execute  Pending  Assignments 


T  =  7  !  Return  To  Phase  2 

!  Of  Clock  Cycle  7 


next; 


!  Execute  Impending  Assignments 


T  =  85  !  Clock  Cycle  B 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXllBUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  8 
!  Instruction  On  Iiota  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

■  Execute  Pending  Assignments 


/t*****t^***iti*i*t)ii*tili**)tifi****’k****$**$**rftit*t*****1t*t$$ttt**Tk*ilit*$**/ 
T  =  9;  !  Clock  Cycle  9 

next;  !  Execute  Assignment 


pHii  =  hi; 

!  Phase  1 

PHI2  =  lo; 

!  Of  Clock  Cycle  9 

PFR  =  exdbuf: 

}  The  Contents  Of  The  External 
!  Doto  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 

next; 

>  Execute  Pending  Asslgninents 

PHII  =  lo; 

*  Phase  2 

phi5  =  hi; 

!  Of  ClocK  Cycle  9 

ASH  =  hi; 

!  Deactivate  Address  Strobe 

LUSH  =  hi; 

>  Deoctlvate  Lower  Data  Strobe 

UDSN  =  hi; 

!  Deactivate  Upper  Data  Strobe 

PC  =  PC  +  2; 

!  Increment  Prograoi  Counter 

IR  =  pfr; 

!  Place  Contents  Of  Prefetch 
<  Register  Into  Instruction 
!  Register 

DTACKH  =  hi; 

!  Deactivoie  Doto  Transfer 
!  Acknouledge(Added) 

next; 

!  Execute  Pending  Assigneents 

T  =  0 

!  Reset  Clock  Cycle  Counter 

) 

decode  execute  prefetch  **  = 

( 

case  IFi 

0x67fc,0x67f8;  beq  !  BEO  »1000 

0x3601  r 0x3602:  »ove  •  riOVE»W  ond  02 JG 

0x4ed0:  jHtp  !  JMP  (M)  If  IR  =  Octal  Ool 

esac 

) 

Main  := 

< 

power_ori_initialize: 
fetch_initial_instructaonf 
while  READY  eql  hi 
< 

dfccode_execute_p refetch 
) 


n  %/ 

n  MOTOROLA  MC68000  MODEL  OF  THE  BTST  D1,(A1)  INSTRUCTION  %/ 

/%  %/ 


/%  %/ 

ft  structure  Declarations  1/ 

/»  %/ 

state 

/x%%x%%%%xx%xxx%%%%%%.tx%%xxxt%x%x%tx%x%xx%x%%t%t.%x%%%iixx%x%%%xt%%x%t%%%%/ 
/%  »/ 

/%  M68000  F'rograibiiing  Registers  */ 

/%  »/ 

/%X%X%%%.%X%%X%%XtX%XX%XX%X%XXX%%X%%%X%%%X%X%%%X%XX%%X%X%%%%XXX%%%%%%XX%X/ 


DC0;7K3i:0>, 

At0:63<3i:0>, 

UA7<3i;0>, 

SA7<3i;0>, 

pc<3r.o>, 

SR<15:0>, 


!  8  Data  Registers 
!  7  Address  Registers 
!  User  StacK  Pointer 
!  Systeni  Stack  Pointer 
!  Prog  roe  Counter 
!  Stotus  Register 


/XXXXXXX%%X%%X%%%%%X\%%X%X%%%XX%X%%X%%t.%%%%%%%X%%%Z%%X%%XX%%%tt%t%%%%%XX/ 
/%  */ 
/t  Teaporary  Internal  Registers  >/ 
/*  */ 
/xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxtxxx/ 


PFR<15:0>, 

IR<15J0>, 

FC<2:0>, 

EXDDUF<15;0>, 

EXAbUF<23;i>, 

ALUDUFl<3i;0>, 

ALUBUF2<31}0>, 

DTEMP<15!0>, 

tiISREG<3i:0>, 

SRTEMP<15tO;>, 

IRTEHP<15:0>, 

T£MPADR<3i;0>, 

ACrYPE<15J0>, 

V£CADH<23:0>, 


!  Prefetch  Register 
!  Instruction  Register 
!  Function  Code  Register 
!  External  Dato  Dus  Buffer  Register 
!  External  Address  Dus  Duffer  Register(chonged) 
!  ALU  Buffer  1 
!  ALU  Buffer  2 
!  Teaporary  Dato  Storage 
!  Teaporary  Displaceaent  Storage 
!  Teaporory  Status  Register  Storoge 
!  (Exception  Processing) 

!  Teaporary  Instruction  Register  Storage 
!  (Exception  processing) 

!  Teaporary  Cycle  Address  Storage 
!  (Exception  Processing) 

!  Teaporary  Access  Type  Storage 
!  (Exception  Processing) 

!  Teaporary  Vector  Address  Storage 
!  (Exception  Processing) 
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HANADR<31J0>, 

T<7;o>, 

H0LIt<3:0>, 

RESET, 

HALT, 

RU, 

ADENABLE, 

DBEMABLE, 

ASN, 

LUSN, 

UKSN, 

BTACKN, 

GOUT, 

EXCEPT, 

READY, 


!  Teiiporary  Address  Storage  For 
!  Exception  Handler  Routine 
!  Clock  Cycle  Counter 
!  Temorory  Holding  Register 
!  Reset  Flip-Flop 
!  Halt  Flip-Flop 
!  Read/Write  Flip-Flop 
!  Address  Bus  Buffer  Enable 
!  Data  Bus  Buffer  Enable 
!  Address  Strobe  Flip-Flop 
!  Lower  Data  Strobe  Flip-Flop 
!  Upper  Data  Strobe  Flip-Flop 
!  Dota  Transfer  Acknowledge  Flip-Flop 
!  Carry  Flip-Flap 
!  Exception  Processing  Flip-Flop 
!  Ready  Flip-Flop 


/t  %/ 
/%  Model  transforsiation  bodif icotions,  t/ 
/%  %/ 
/%  1)  CDL  decoder  structure  nonexistent  in  ISP'  ond  un-  »/ 
/%  necessary  for  oiodel.  Eliihinated,  %/ 
/%  2)  Multi-phase  clock  structure  nonexistent  in  ISP'.  t/ 
/%  Operations  on  registers  will  provide  its  equivalent,  %/ 
/%  3)  Switch  structure  nonexistent  in  ISP'.  Operation  on  a  %■/ 
/%  register  will  provide  its  equivalent. 

/%  4)  The  declared  bus  structures  are  ttodeled  with  registers  »/ 
/%  without  loss  of  Biodel  occurracy.  This  done  to  siQintain  model  %/ 
/*  equivolency  a.td  sloiplicity.  t/ 
/%  5)  The  memory  word  length  was  reduced  frooi  16  to  8  bit  */ 
yt  words  to  coincide  with  the  ECB's  32-Kbyte  memory,  to  ogree  withe/ 
/%  their  PC  incrementotion,  and  to  enoble  the  use  of  existing  */ 
/%  MC68000  ossembler  and  linKer/loader  models.  The  memory  was  X/ 
/%  also  reduced  from  8  Mwords  to  32  Kbytes.  X/ 
/%  »/ 


IABUS<31*.0>, 

lIiBUS<3i:0>, 

SWITCH, 

PHIl, 


!  Internal  Address  Bus 
!  Internal  Data  Bus 
!  Power  Switch 

!  Phase  1  Of  Two-Phase  Clock 
!  Phase  2  Of  Two-Phose  Clock 


/X  X/ 
/%  External  Address  ond  Data  bus  Xf 
/I  X/ 
/X%K.%%%t%%%%%%%\%%t\%XX.XXXXXXXXXXXXXXXX%%XXXXXXX%XXXXX%XX%%%XXXXXXXXXXXX/ 


DBU3<15;0/, 


!  External  Do to  Bus 
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ABUS<23:i>;  !  External  Address  bus (changed) 

fornat 


/$  %/ 

/%  Fiegister  Subfields  */ 

/»  */ 

PCftDDR 

PC<23:0>i  ! 

Prograoi  Counter  Address  Field 

SFiTRACE 

= 

SR<15:>,  ! 

Trace  bit 

SRMODE 

= 

SR<13.' ,  ! 

Mode  Selection  bit 

SRCARRY 

= 

SR<0>,  ! 

Carry  bit 

SROVER 

= 

SR<1>,  ! 

Overflow  bit 

SRZERO 

= 

SR<2>,  ! 

Zero  bit 

SRNEG 

= 

SR<3>,  ! 

Negative  Bit 

SREX 

= 

SR<4>,  ! 

Extend  bit 

SRMASK 

= 

SR<10;8>,  ! 

Interrupt  Mask 

FCSPACE 

= 

FC<i;0>,  ! 

Memory  Access  Address  Space 

FCMODE 

= 

FC<2>,  ! 

User/Supervisor  Mode  bit 

F'CLOU 

PC<15:0>,  ! 

PC  Low  Uord 

PCHI 

= 

PC<31.*16>,  ! 

PC  High  Uord 

HOLUORli 

IiC03<15J0>,  ! 

bCOD  Low  Uord 

DILUORD 

= 

IiCU<15:0>,  ! 

DCll  Lou  Uord 

ti2LU0Rli 

= 

DC23<15}0>,  ! 

bCZT  Low  Uord 

b3LU0RI> 

= 

IiC33<15:0>,  ! 

DC 33  Low  Uord 

Li4LW0Rb 

= 

HC43<15‘.0>,  ! 

liC43  Low  Uord 

bSLUORb 

s 

DC5]<15:0>,  ! 

DC53  Low  Uord 

1I6LU0RLI 

= 

DC<S3<15:0>,  ! 

DC63  Low  Uord 

D7LWORD 

a 

ItC73<15.*0>,  ! 

DC73  Low  Uord 

UlSREGHWORIi 

= 

IiISRE6<3i:i6>,! 

DISREG  High  Uord 

DISRECLUORIi 

= 

DISREG<15;0>,  ! 

DISREC  Low  Uord 

HaNMDRLOU 

= 

HftNAliR<15:0;>,  ! 

HANADR  Low  Uord 

HFiNMIiRHI 

s: 

HANADR<3i:i6>, ! 

HANADR  High  Uord 

TEMPMliRLOW 

= 

TEMPAUR<15:0>, ! 

TEMPADR  Low  Uord 

TEHPADKHI 

= 

TEMPAriR<3i:i6>; 

!  TEMPADR  High  Word 

eeikory 

/% 

/% 

/% 

%/ 

16K  16-bit  Word  Internal  Meiiory  %/ 

%/ 

NC0:32767D<7;0>; 


Biocro 


/%  %/ 
/%  Logic  Level  Macros  */ 


Logic  Level  Macros 


lo  =  0  i, 
hi  =  1  I, 
off  =  0  S, 
on  =  1  S, 
clear  =  0  If 


/t  %/ 
/%  Power  Dn  and  Initialization.  This  process  was  not  Biodeled  but  is  %/ 
/*  added  to  initialize  signals  and  registers.  t/ 
/*  %/ 


power_on_initialize  5= 


( 


SWITCH  =  on; 
ne>:t; 

READY  =  lo; 

RESET  =  lo; 
deloy<100) ; 

RESET  =  hi; 
next; 

ASN  s  hi; 

LDSN  =  hi; 

UDSN  -  hi; 

DTACKN  =  hi; 

RU  -  hi; 

DBUS  =  Oxffff; 
Hcoxiooai  =  Oxff; 

MC0X1009D  =  Oxff; 
HALT  =  hi; 


T  =  o; 

READY  =  hi; 


Turn  Power  On 
Execute  Assignment 
System  Not  Ready 
Assert  Reset  For 
IOC  Hiliseconds (Active  Lou> 

Deactivate  Reset 
Execute  Pending  Assignments 
Initialize  Address  Strobe 
Initialize  Lower  Data  Strobe 
Initialize  Upper  Doto  Strobe 
Initialize  Dota  Transfer  Acknowledge 
Initialize  Reod /Write (Read  On  High) 
Place  Data  Bus  In  High  Impedance  Stote 
Place  Memory  Locations  Following  The 
JMP  Instruction  In  A  High  Stote 
Initialize  Halt  Flip-Flop (Active 
!  Low) 

!  Initialize  Clock  Cycle  Counter 
!  System  Ready 


/%  %/ 

/*  Routine  Initialization  Per  Hornby  and  Guillory  %■/ 

/%  %/ 


SRMODE  =  lo; 

DC  II  =  0x3; 

DC23  =  0x55555555; 
ACOI  =  OxlOOO; 

ACII  =  0x2001 ; 
MC0x20003  =  0x0 ; 
MC0X2001I  =  0x55; 
PC  =  0x1000 ; 
next 


I 


Set  Status  Register  To  User  Mode 


!  Place  Hex  3  Into  DCII 


Place  Hex  55555555  Into  DC2I 
Place  Hex  1000  Into  ACOI 
Ploce  Hex  2001  Into  ACII 
Initialize  Location  2000  To  Zero 
!  Initiolize  Locotion  2001  To  Hex  55 
!  Place  Hex  1000  Into  Progrom  Counter 
!  Execute  Assignments 


/ti$.iif.t***tt%**t****1i^V.*tt%t'^%*t****1l-**t%tt*tt******%*t%**.t*tt**tt*t*******/ 


/t  t/ 
/%  Initial  Fetch  Cycle,  This  cycle  was  not  modeled  but  is  necessary  %/ 
/*  to  retrieve  modeled  instructions  for  simulation  and  analysis.  It  %/ 
/%  was  fashsioned  fron.  the  Read  Cycle  described  by  Hamby  and  Guillory  %/ 
/%  on  page  *.‘1-15  of  their  thesis,  %/ 
/%  %/ 


fetch_initial_instruction  ?= 
'( 


PHIl  =  hi; 

PH12  =10} 

RW  =  hi; 
ADENABLE  =  lo} 
liBENABLE  =  lo} 

I ABUS  =  pc; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  0 
!  Hemory  Read 

>  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHll  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi} 
EXABUF  =  I ABUS; 

FCHODE  =  SRAODE; 
FCSPACE  =  2; 
next; 

ABUS  =  EXABUF ; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
•  'Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Program 
)  Execute  Impending  Assignments 
!  Address  Placed  On  Bus( Added) 

!  Execute  Pending  Assignments 


T  =  i;  »  Clock  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PH12  =  lo; 

ASN  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
DBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Doto  Strobe 
!  Assert  Upper  Dota  Strobe 
!  Enoble  Data  Bus 
!  Execute  Pending  Assignments 


PHll  =  lo;  !  Phase  2 

PHI2  =  hi;  !  Of  Clock  Cycle  1 

next;  !  Execute  Pending  Assignments 


T  =  2;  ‘  Clock  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi,* 

PHI2  =  lo; 
while  LiTACKN  eql  hi 
( 

next? 


!  Phase  1 

!  Of  ClocK  Cycle  2 
!  Uaii  For  heiiory  To  Place 
!  Data  On  The  Bus 
!  Execute  iRipending  Assignbents 


PHIl  =  lo} 
PHI2  =  hi} 
next} 


!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  Assignbents 


T  =  3} 
next} 

PHIl  =  hi} 

PHI2  =  lo} 

Ii£lUS<15;8>  =  HCABUS:} 
DBUS<7:0>  =  Ml ABUS  +11} 
DTACKN  =  lo} 
next} 


!  ClocK  Cycle  3 
!  Execute  Assigntient 

!  Phase  1 

!  Of  ClocK  Cycle  3 
!  Hebory  Ploces  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKH( Added ) 

!  Execute  Pending  Asslgnaents 


/tt*1i.**t*%t***t*%t*t***t*tt**t*****tt***%**1lit*t*t1Hlli1^*t**t**t/ 

T  =  2  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  2 

)} 

next}  !  Execute  Ibpending  Assignbents 


/tt****W*t**%*****t**t**tTK.*t.t****t*ttttttttUtt**ttt**tt%ttttt*tt/ 


T  =  3} 

!  ClocK  Cycle  3 

next} 

!  Execute  Assignbent 

PHIl  =  lo} 

!  Phase  2 

PHI2  =  hi} 

!  Of  ClocK  Cycle  3 

EXDBUF  =  DBUS} 

!  Instruction  On  Date  Bus 

!  Is  Ploceo  In  Externol  Doto 
!  Bus  Buffer 

next} 

}  Execute  Pending  Assignbents 

/$t*t*******t*******t************%%*t^***t*%ttt%%t%t%%t%**tt*t**%t%/ 

T  =  4} 

!  ClocK  Cycle  4 

next} 

*  Execute  Assignbent 

PHIl  =  hi} 

!  Phase  1 

PHI2  =10} 

!  Of  ClocK  Cycle  4 

PFR  =  EXDBUF} 

!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Placed 

!  In  Prefetch  Register 

next} 

*  Execute  Pending  Assignbents 

PHIl  =  lo} 

PHI2  =  hi} 

ASM  =  hi} 

I  Phose  2 

!  Of  Clock  Cycle  4 
!  Oeactivote  Address  Strobe 

I  Phose  2 

!  Of  Clock  Cycle  4 
!  Oeactivote  Address  Strobe 


LBSN  =  hi} 
UDSN  =  hi; 

IR  =  pfr; 


BTACKN  =  hi; 

PC  =  PC  +  2; 

next; 

T  =  0 
) 


!  Beoctivate  Lower  Data  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 
!  Register 

!  Deactivate  Data  TransferCAdded > 
!  Acknowledge 

!  Increment  Program  Counter 
!  Execute  Pending  Assignments 
!  Reset  Clock  Cycle  Counter 


Dtst 


!  BTST  D1,(A1) 


PHIl  =  hi; 

PH12  =  lo; 

RW  =  hi; 
ABENABLE  =  lo; 
DBUS  =  Oxffff; 
DBENABLE  =  lo; 
I ABUS  =  Pc; 


next; 


!  Phase  1  Of 
!  Clock  Cycle  0 
!  Memory  Bead 

!  Disable  Address  Bus  Buffer 
!  Data  Bus  High  Impedanced 
!  Disable  Dato  Bus  Buffer 
!  Place  PC  On  Internal  Address 
;  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ABENABLE  =  hi; 
EXABUF  =  I ABUS ; 

FCMODE  =  SRMODE; 
FCSPACE  =  2; 
next; 

ABUS  =  EXABUF ; 
next; 


!  Phose  2  Of 
!  Clock  Cycle  0 
>  Enable  Address  Bus  Buffer 
■  Gate  Internol  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Program 
!  Execute  Impending  Assignments 
!  Address  Placed  On  Bus( Added) 

!  Execute  Pending  Assignments 


T  =  1;  !  Clock  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LBSN  =  lo; 

UDSN  =  lo; 
DBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  1 
Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Date  Strobe 
!  Enoble  Dato  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  s  hi; 
next; 


!  Phose  2 

!  Of  Clock  Cycle  1 
!  Execute  Pending  Assignments 
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T  =  2;  !  ClocK  Cycle  2 

next;  !  Execute  Aesignitient 


F-HIl  =  hi; 

PHI2  =  lo; 
while  UTaCKN  eql  hi 
( 

next; 

PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  1 

!  Of  ClocK  Cycle  2 
!  Wait  For  Meftory  To  Place 
!  Dato  On  The  Bus 
!  Execute  Impending  Assignments 

!  Phase  2 

!  Of  ClocK  Cycle  2 
!  Execute  Assignments 


T  =  3;  !  ClocK  Cycle  3 

next;  j  Execute  Assignment 


M 


PHIl  =  hi; 

PHI2  =  lo; 

IiBUS<15:8>  =  MCABUSi; 
DBUS<7:0>  =  HCABUS  +13; 
DTACKN  =  lo; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  3 
!  hemory  Places  Instruction 
!  On  Bato  Bus  And 
!  Asserts  DTACKN ( Added ) 

■  Execute  Pending  Assignments 


/%t*'>^t*1ti**tt*t%*****t**t*tt*'f****ttttttt1li*ilHlit*t*'t.ttM**t*t*t*/ 

T  -  2  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  2 

) ; 

next;  !  Execute  Impending  Assignments 

T  =  3;  t  ClocK  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  lo; 
pHr2  =  hi; 
EXDBUF  =  DB'US; 


next; 


•  Phose  2 

!  Of  ClocK  Cycle  3 
!  Instruction  On  Bata  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  4;  !  ClocK  Cycle  4 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 

PFR  =  EXDBUF ; 


next; 


.*  Phose  1 

!  Of  ClocK  Cycle  A 
!  The  Contents  Of  The  External 
i  Data  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 
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*  %•  S" 
••  »**  •• 


•  -»•  -  •/  -y  •  - 


PHii  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LDSN  =  hi; 
UDSN  =  hi; 

UTACKN  =  hi; 

PC  =  PC  +  2; 

next; 


!  Phase  2 

!  Of  ClocK  Cycle  4 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Date  Strobe 
!  Deactivate  Upper  Date  Strobe 
!  Register 

!  Deactivate  Dota  Transfer <Added) 
!  Acknowledge 

!  Increment  Prog  rail  Counter 
!  Execute  Pending  Assignoients 


/1t.tt*t***********'t-'****t*****t****t*t*ttt*t**t*tt*tttt$.*tt*t%*t*tt*/ 

T  =  5; 
next; 


PHIl  =  hi; 

PHI2  =  lo; 

RU  >  hi; 

ADENABLE  =  lo; 
DBENABLE  =  lo; 
DBUS  =  Oxffff; 
lABUs  =  Acn; 

next; 

PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  »  hi; 
EXABUF  =  lABUS; 

FCHODE  =  SRMODE; 
FCSPACE  =  1; 
next; 

ABUS  =  EXABUF ; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  5 
!  Henory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Data  Bus  High  Iitpedanced 
!  Place  ACi3  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignuents 

Phase  2  Of 
!  Clock  Cycle  5 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Hode 
!  Accessing  Progroa 
>  Execute  lepending  Assigneents 
!  Address  Ploced  On  Bus( Added) 
Execute  Pending  Assignments 


T  =  a;  !  ClocK  Cycle  6 

next;  !  Execute  Assignment 


m  '  •  ^  » 


V. 


•  .  •  •  • 


K'-t' 


■  ■  o  * 

•yV 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LDSN  =  lo; 
DBENABLE  =  hi; 
next; 

PHIl  =  lo; 

PHI2  =  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  6 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Enable  Data  Bus 
!  Execute  Pending  .Assignments 

!  Phase  2 

!  Of  Clock  Cycle  6 
!  Execute  Pending  Assignments 


C-3I8 


t 

s'  s*-.*  1 

iiiiM 

T  =  7}  !  Clock  Cycle  7 

next;  !  Execute  Assignuent 


PHIl  =  hi; 

PHI2  =  lo; 
while  DThCKN  eql  hi 
( 

next; 

PHll  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  7 
!  Wait  For  Heaory  To  Place 
<  iiQta  On  The  Bus 
■  Execute  lApending  Assignments 

!  Phase  2 

f  Of  Clock  Cycle  7 
!  Execute  Assignments 


T  =  o;  ‘  Clock  Cycle  8 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

liBUS<7:0>  =  MCABUSi; 
DTACKN  =  lo; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  8 
!  Place  Byte  On  Bata  Bus  And 
!  Asserts  BTACKH( Added) 

!  Execute  Pending  Assignments 


/ttft.*****tt*t%%t**t**t**iii**t****t*ttt*t*t**tfittttt%t*ttttt/ 

T  =  7  !  Return  To  Phase  2 

!  Of  Clock  Cycle  7 

); 

next;  !  Execute  Iiipending  Assignments 

T  =  8;  !  Clock  Cycle  8 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXIlBUF  =  BBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  8 
!  Instruction  On  Bata  Bus 
!  Is  Placed  In  External  Etato 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  -  9;  !  Clock  Cycle  9 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
next; 

PHIl  =  lo; 

PHI2  »  hi; 

HOLB  =  BC13<2;0>  ext  4; 


!  Phose  1 

!  Of  Clock  Cycle  9 
!  Execute  Pending  Assignments 

!  Phose  2 

!  Of  Clock  Cycle  9 
!  Ploce  First  3  Bits  Of  DCll 
!  Into  Temporory  Register 


!  The  First  3  Bits  Of  DC13 


case  HOLD 

O;  if  EXDBUF<0> 
SRZERO  =  hi 
else 

SRZERO  =  lo 
i:  if  EXDBUF<1> 
SRZERO  =  hi 
else 

SRZERO  =  lo 
2:  if  EXIiBUF<2> 
SRZERO  =  hi 
else 

SRZERO  =  lo 
3:  if  EXDBUF<3> 
SRZERO  =  hi 
else 

SRZERO  =  lo 
Al  if  EXDBUF<4> 
SRZERO  =  hi 
else 

SRZERO  =  lo 
5;  if  EXIiF<UF<5> 
SRZERO  =  hi 
else 

SRZERO  =  lo 
65  if  EXDBUF<6> 
SRZERO  =  hi 
else 

SRZERO  =  lo 
7:  if  EXDBUF<7> 
SRZERO  =  hi 
else 

SRZERO  =  lo 

esoc ; 
fiSN  =  hi$ 

LDSN  =  hi; 

IR  =  pfr; 


BTACKN  =  hi; 


!  Iteteriiine  Uhich  Bit  Of 


!  Data  Will  Be  ChecKed  For  Set 


next; 
T  =  0 
) 


!  Deactivate  Address  Strobe 
!  Deoctivote  Lower  Data  Strobe 
!  Contents  Of  Prefetch  Register 
!  Are  Ploced  Into  Instruction 
!  Register 

!  Deactivate  Dota  Transfer (Added) 
!  AcKnowledge 

!  Execute  Pending  Assigneents 
!  Reset  ClocK  Cycle  Counter 


!  HDOE.W  D2»D3 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS  =  Oxffff; 


!  Phase  1  Of 
!  ClocK  Cycle  0 

!  Ploce  Dato  Bus  In  High  Inpedance 


RW  =  hi; 
i^DENi^BLE  =  lo; 
UBENi^BLE  »  lo: 

I ABUS  =  PC; 

IBBUS  =  D2LU0RB; 


next; 


!  heotory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Date  Bus  Buffer 
*  Place  PC  On  Internal  Address 
!  Bus 

!  Place  Low  Uord  Fros  DC2]  Onto 
!  Internal  Data  Bus 
!  Execute  Pending  Assignuents 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  lABUS; 

FCHODE  =  SRHQDE; 
FCSPACE  =  2; 
SRCARRY  =  lo; 
SROUER  =  lo; 
SRZERO  =  lo: 
SRNE6  =  lo; 
03LW0RD  =  IDBUS; 


next; 

ABUS  =  EXABUF ; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
*  Into  External  Address  Buffer 
!  User  Hode 
!  Accessing  Progroa 
!  Clear  Status  Register  Carry  Bit 
!  Clear  Status  Register  Overflow  Bit 
!  Cleor  Status  Register  Zero  Bit 
!  Cleor  Stotus  Register  Negative  Bit 
!  Ploce  Dato  Fron  Internal  Dato  Bus 
!  Into  Low  Uord  Of  DC33 
!  Execute  Impending  Assigniients 
!  Address  Placed  On  Bus (Added) 

>  Execute  Pending  Assigneents 


T  =  1;  !  Clock  Cycle  1 

next;  !  Execute  Assigni»ent 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  «  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
DBENABLE  =  hi; 
if  D3LU0RD  eql'  0 
SRZERO  =  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Dato  Strobe 
!  Assert  Upper  Dota  Strobe 
<  Enoble  Doto  Bus  - 
!  Set  Stotus  Register  Zero  Bit 
!  If  Hoved  Data  Is  Zero 
!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
if  DC33<15;> 
SRNEG  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  1 
!  Set  Status  Register  Negative 
I  Bit  If  Moved  Data  Is  Negative 
!  Execute  Pending  Assignments 


/t*****U$t******$*$Ut***$$$*****$*$*$*t$$9i**9**t*ttt$*t*t**$**U/ 

T  =  2;  !  ClocK  Cycle  2 

next;  !  Execute  Assignment 


PHIl  »  hi; 

PHI2  >>  lo; 

while  DTACKN  eql  hi 


!  Phose  1 

!  Of  ClocK  Cycle  2 
*  Wait  For  Memory  To  Place 


< 

nextr 


!  Data  On  The  Bus 
!  Execute  lapending  /Sssignuents 


PHU  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  Assignaents 


T  =  3; 
next; 

PHIl  =  hi; 

PHI2  =  io; 

DBUS<15:8>  =  HCi^BUSi; 
IiBUS<7;0>  =  MCABUS  +  ii; 
DTACKN  =  lo; 
next; 


!  Clock  Cycle  3 
*  Execute  Assignaent 

!  Phase  1 

!  Of  Clock  Cycle  3 
!  Heaory  Places  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKNC Added) 

!  Execute  Pending  Assignaents 


T  =  2  !  Return  To  Phase  2 

!  Of  Clock  Cycle  2 

); 

next;  !  Execute  lapending  Assignaents 


T  =  3; 
next; 


Clock  Cycle  3 
Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Doto  Bus 
!  Is  Ploced  In  Externol  Doto 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  4; 
next; 


Clock  Cycle  4 
Execute  Assignaent 


PHIl  =  hi; 
PHI2  =  lo; 

PFR  =  EXDBUF; 


next; 


!  Phase  1 

!  Of  Clock  Cycle  4 
!  The  Contents  Of  The  External 
!  Dota  Bus  Buffer  Are  Ploced 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PH12  =  hi; 
ASN  -  hi; 
LDSN  =  hi; 
UDSN  -  hi; 

iR  =  pfr; 


!  Phase  2 

!  Of  Clock  Cycle  4 
I  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivote  Upper  Data  Strobe 
!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 


!  Register 

IiTACKN  =  hi; 

!  Deactivote  Bata  Transfer(Added ) 
!  AcKnouledge 

PC  =  PC  +  2; 

!  Incremeni  Prog  ran  Counter 

next; 

!  Execute  Impending  Assignments 

T  =  0 
) 

!  Reset  Clocic  Cycle  Counter 

< 

*  JHP  (AO) 

Prill  =  hi; 

!  Phase  1  Of 

Prii2  =  lo; 

!  Clock  Cycle  0 

BBUS  =  Oxffff; 

!  Place  Bota  Bus  In  A  riigh  Impedance 

RU  =  hi; 

!  hemory  Read 

ABENABLE  =  lo; 

!  Bisable  Address  Bus  Buffer 

DbENABLE  =  lo; 

!  Bisable  Bata  Bus  Buffer 

I ABUS  =  Pc; 

!  Place  PC  On  Internal  Address 

!  Bus 

next ; 

!  Execute  Pending  Assignments 

Prill  *  lo; 

!  Phose  2  Of 

PriI2  =  hi; 

!  Clock  Cycle  0 

ABENABLE  =  hi; 

!  Enable  Address  Bus  Buffer 

EXABUF  =  I ABUS; 

!  Oote  Internal  Address  Bus 
!  Into  Externol  Address  Buffer 

FCMODE  =  SRAOBE; 

!  User  Mode 

FCSPACE  =  2; 

!  Accessing  Program 

next; 

!  Execute  Pending  Assignments 

ABUS  =  EXABUF ; 

!  Address  Ploced  On  BusCAdded) 

next; 

!  Execute  Pending  Assignments 

/%t***i^it**%**tt1^t*%t%*%1^*^^*%**%t'(l^****%**t**%t***ttt1HI^%’l^*t*t*ttt*t*/ 

T  =  1; 

>  Clock  Cycle  1 

next; 

!  Execute  Assignment 

Prill  =  hi; 

!  Phase  1  Of 

Prii2  =  lo; 

!  Clock  Cycle  1 

ASM  =  lo; 

!  Assert  Address  Strobe 

LDSN  =  lo; 

!  Assert  Lower  Beta  Strobe 

UBSN  -  lo; 

!  Assert  Upper  Bota  Strobe 

lABUS  =  ACOj; 

!  Hove  Jump  Address  From  ACOl 
!  To  Internal  Address  Buffer 

BBENABLE  =  hi; 

!  Enoble  Bota  Bus 

next; 

!  Execute  Pending  Assignments 

Prill  =  lo; 
PH12  =  hi; 
PC  =  I ABUS ; 


!  Phase  2 

<  Of  ClocK  Cycle  1 
!  Place  Jukp  Address  Into  Program 


1 

Counter 

nextf 

£ 

T  -  '>  • 

1  -  i-r 

! 

ClocK  Cycle  2 

next} 

1 

Execute  Assigniient 

'.-v 

PHIl  =  hi} 

{ 

Phase  1 

> 

PHI2  =  lo; 

1 

Of  Clock  Cycle  2 

while  DTACKN  eql  hi 

1 

wait  For  nenory  To  Place 

( 

! 

Data  On  The  Dus 

next} 

1 

Execute  lapencting  Hssignnents 

PHll  =  lo; 

! 

Phase  2 

PHI2  =  hi; 

! 

Of  Clock  Cycle  2 

next; 

f 

Execute  Rssigneients 

V- 

/%tttt%t*%t%**t*%*******^*.**t*yi^*iiittt*ttttt*t*t%*ttt*t*-*t**tt/ 

T  =  3; 

! 

Clock  Cycle  3 

next; 

! 

Execute  Assignment 

k  *' 

PHIl  =  hi; 

1 

Phase  1 

k  . 

PHI2  =  lo; 

! 

Of  ClocK  Cycle  3 

ItkiUS<15:8>  =  irtLAFUSi; 

! 

Heuiory  Places  Instruction 

DBUS<7;0>  =  hCABUS  +  ii; 

j 

On  Data  Bus  And 

IiTACKN  =  lo; 

! 

Asserts  DTACKN(Added) 

next; 

! 

Execute  Pending  Assignments 

/t***$*t*t******t*tt*1l-t*t*t$%%t%t%tll.*t*tli*%%t*%t***%1lit*tttt*ri./ 

T  =  2 

1 

Return  To  Phase  2 

\  i 

! 

Of  ClocK  Cycle  2 

>  f 

next; 

! 

Execute  Impending  Assignments 

t 

W 

T  =  3; 

! 

Clock  Cycle  3 

/- 

next; 

1 

Execute  Assignment 

» *,  • 

PHIl  =  lo; 

! 

Phose  2 

4 

PHI2  =  hi; 

t 

Of  ClocK  Cycle  3 

EXDBUF  =  IiBUS; 

! 

Instruction  On  Dota  Bus 

‘  • . 

! 

Is  Placed  In  External  Data 

! 

Bus  Buffer 

next; 

! 

Execute  Pending  Assignments 

T  =  4; 

! 

ClocK  Cycle  4 

S' 

next; 

! 

Execute  Assignment 

PHIl  =  hi; 

1 

Phase  1 

PHI2  =  lo; 

! 

Of  ClocK  Cycle  4 

t 

next; 

PFR  *  exdbuf;  . 

! 

The  Contents  Of  The  External 

nextf 


!  Iiota  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 


PHll  =  lo; 
PHI2  =  hi; 
ASH  =  hi; 
LDSN  =  hi; 
UDSN  =  hi; 
DTACKN  =  hi; 


!  Phase  2 

!  Of  ClocK  Cycle  A 
!  Beactivate  Address  Strobe 
!  Deactivate  Lower  Dote  Strobe 
!  Deactivate  Upper  Data  Strobe 
Deactivate  Dote  Transfer 


!  AcKriowledge(Added) 

next; 


T  =  5; 
next; 


ClocK  Cycle  5 

Execute  Previous  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

RU  =  hi; 
ADENABLE  =  lo; 
DBENABLE  =  lo; 
I ABUS  =  PC; 

next; 


Phase  1  Of 
ClocK  Cycle  5 
Memory  Read 

Disable  Address  Bus  Buffer 
Disable  Data  Bus  Buffer 
Place  PC  On  Internol  Address 
Bus 

Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ADEHABLE  =  hi; 
FCHODE  =  SRHODE; 
FCSPACE  =  2; 
EXABUF  =  I ABUS ; 
next; 

ABUS  =  EXABUF ; 
next; 


Phase  2  Of 

ClocK  Cycle  5 

Enoble  Address  Bus  Buffer 

User  Hode 

Accessing  Program 

Gate  Internol  Address  Bus 

Into  External  Address  Buffer 

Address  Placed  On  Bue(Added) 

Execute  Pending  Assignments 


T  =  o;  !  Clock  Cycle  6 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASH  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
DBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  6 
!  Assert  Address  Strobe 
*  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enable  Data  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  s  hi; 
next; 


!  Phose  2 

!  Of  Clock  Cycle  6 
!  Execute  Pending  Assignments 


/$t$}t:ttt**t$****t***9itli$*******t***M**Ut**$********t*$*1f$1Hf*tt***/ 
T  =  7;  !  ClocK  Cycle  7 


next; 


!  Execute  Assignment 


PHll  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
( 

next; 


!  Phase  i 

!  Of  Clock  Cycle  7 
!  Wait  For  Memory  To  Place 
!  liato  On  The  Bus 
Execute  Impending  Assignments 


PHIl  =  lo; 
PH12  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  7 
>  Execute  Assignments 


T  =  8; 
next; 

PHIl  =  hi; 

PIII2  =  lo; 

iiBUS<i5:8>  =  mcabust; 
riBUB<7;0>  =  MCABUS  +  li; 
DTACKN  =  lo; 
next; 


!  Clock  Cycle  8 
!  Execute  Assignment 

!  Phase  1 

!  Of  Clock  Cycle  6 
!  Memory  Places  Instruction 
!  On  Bata  Bus  And 
!  Asserts  DTACKN ( Added ) 

!  Execute  Pending  Assignments 


/$1it$t*t$**$**$$tt$tit:K$tt*t**:***f**t********t*t**$$*$*******/ 

T  =  7  !  Return  To  Phase  2 

•  Of  Clock  Cycle  7 

); 

next;  !  Execute  Impending  Assignments 


/:i:t$$$$$]fU$3i:**U*****U*K**$*U**$$*$$$***$$**$***$*$*»:**$**mn$t/ 


T  =  8; 
next; 


Clock  Cycle  B 
Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXBBUF  =  BBUS; 


next; 


!  Phose  2 

!  Of  Clock  Cycle  8 
!  Instruction  On  Bata  Bus 
!  Is  Placed  In  Externol  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  y; 

next; 


Clock  Cycle  9 
Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 

PFR  =  EXBBUF ; 


next; 


!  Phose  1 

!  Of  Clock  Cycle  9 
!  The  Contents  Of  The  External 
!  Doto  Bus  Buffer  Are  Ploced 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 


!  Phose  2 

»  Of  Clock  Cycle  9 


ASN  -  hi; 
LDSN  =  hi; 
UDSN  =  hi; 

PC  =  PC  +  2; 
IR  =  pfr; 


DTACKN  =  hi; 

next; 

T  =  0 
) 

£jecode_execute_prefetch  ;  = 

< 

cose  IR 

0x0311: 

0x3602; 

Ox4edO; 

esac 

) 

aain  t= 

( 

pouer_on_initialize; 
felch_initiol_instruction; 
while'READY  eql  hi 
< 

decode  execute.prefetch 


!  Deactivate  Address  Strobe 
!  Deoctivate  Lower  Daia  Strobe 
!  Deactivote  Upper  Doto  Strobe 
!  Increment  Program  Counter 
!  Piece  Contents  Of  Prefetch 
!  Register  Into  Instruction 
!  Register 

!  Deactivate  Data  Transfer 
!  AcKnouledge (Added) 

!  Execute  Pending  Assignments 
!  Reset  Clock  Cycle  Counter 


btst  !  BIST  Iil,(Al) 

move  !  MOUE.U  D2>D3 

Jmp  i  JMP  (AO)  If  IR  =  Octal  Value 


/»  t/ 

/%  MOTOROLA  MC6BOOO  MODEL  OF  THE  ILLEGAL  INSTRUCTION  #/ 

/»  %/ 

/%  */ 

/%  Structure  Declarotions  X/ 

n  %/ 

/xttxxxxxxxtxtxxxxxtxxttxttxxxtxxxtxtxxxxxtxtxxxtxxtxxxxtxtxxtxxxxxxxxxt/ 

state 

/ttxxxtxtxtxxxxxxxxxttxtxxtxxxxxxxxtxxxxxxxtxxttxtxxxtxxtxtxxxxxttxxtxtt/ 

/%  %/ 

/%  H68000  Prograiioiing  Registers  »/ 

/%  %/ 


DC0:7K'3i:0>, 

A[0:6K3i;0>, 

UA7«:3i:o>, 

SA7<3IJ0:>, 

PC<3i;o>, 

SR<15:0>, 


!  8  Data  Registers 
!  7  Address  Registers 
!  User  Stack  Pointer 
!  System  Stock  Pointer 
!  Prog  roe  Counter 
!  Status  Register 


/xtttttxxxxxxtxxtxxxxxxxtxtxxtxxxxtttxtxxxxxxtxxxxxxxtxtttxtxxtxxxxtxxxx/ 
/%  %/ 
/%  Temporary  Internol  Registers  X/ 
/X  »/ 


PFR<15;0>, 

IR<15:0>, 

FC<2:0>, 

EXDBUF<15;0>, 

EXADUF<23;1>, 

ALUBUFl<3i:0>, 

ALUDUF2<3i:0>, 

DTEMP<15;0>, 

IiISREG<3i;0>, 

SRTEMP<15:0>, 

iRrEHp<i5;o>, 

TEMPADR<3i;0>, 

ACTYPE<15;0>, 

VECADR<23:0>, 


Prefetch  Register 

Instruction  Register 

Function  Code  Register 

Externol  Dato  Bus  Buffer  Register 

Externol  Address  Bus  Buffer  Register (changed) 

ALU  Buffer  1 

ALU  Buffer  2 

Temporary  Dota  Storage 

Temporary  Displacement  Storage 

Temporary  Stotus  Register  Storoge 

(E>:ception  Processing) 

Temporary  Instruction  Register  Storoge 
(Exception  Processing) 

Temporary  Cycle  Address  Storage 
(Exception  Processing) 

Temporary  Access  Type  Storage 
(Exception  Processing) 

Temporory  Vector  Address  Storoge 
(Exception  Processing) 


C-52S 


.  •  V' . '  \  •>  ■>?.  -.1.  y 


HANADR<3150>, 


T<7;0>, 

RESET, 

HALT, 

RU, 

ADENABLE, 

DBENABLE, 

ASN, 

LUSH, 

unsN, 

DTACKN, 
COUT, 
EXCEPT , 
READY, 


!  Teiiporary  Addr&ss  Storage  For 
!  Exception  Handler  F<outine 
!  Clock  Cycle  Counter 
Reset  Flip-Flop 
Halt  Flip-Flop 
Read/Urite  Flip-Flop 
Address  Bus  Buffer  Enable 
Doto  Bus  Buffer  Enable 
Address  Strobe  Flip-Flop 
Lower  Data  Strobe  Flip-Flop 
Upper  Data  Strobe  Flip-Flop 
Data  Transfer  Acknowledge  Flip-Flop 
Carry  Flip-Flop 

E>:ception  Processing  Flip-Flop 
Ready  Flip-Flop 


/$$}iiil:t*:!(**t***Ji:**$$**f***¥ri:$tit$**$t*il^**$ii$*!t*************ik$********t*:l:t*/ 


/*  %/ 

/%  Model  transforniatiori  luodif icotionst  */ 

/%  %/ 

/%  1)  CDL  decoder  structure  nonexistent  in  ISP'  and  un-  »/ 

Jt  necessary  for  model.  Eliminated.  %/ 

/*  2)  Multi-phase  clock  structure  nonexistent  in  ISP'.  t/ 

/%  Operations  on  registers  will  provide  its  equivalent.  %/ 

/%  3)  Switch  structure  nonexistent  in  ISP'.  Operation  on  a  %/ 

/%  register  will  provide  its  equivalent.  %/ 

/%  4)  The  declared  bus  structures  are  modeled  with  registers  */ 

/%  without  loss  of  model  accurracy.  This  done  to  maintoin  model  %/ 

equivalency  and  simplicity.  %/ 

/%  5)  The  memory  word  length  was  reduced  from  16  to  8  bit  %/ 

/%  words  to  coincide  with  the  ECB's  32-Kbyte  memory,  to  agree  with»/ 

/%  their  PC  incrementation,  and  to  enable  the  use  of  existing  X/ 

/%  MC68000  assembler  and  linKer/loader  models.  The  memory  was  %/ 

JX  also  reduced  from  8  Mwords  to  32  Kbytes.  X/ 

/%  %/ 


/%%XXXXll.%X)^XXlk%tXX%XXXXXXXXXXXXXXX%%tXXXX%XXXXXX%Xt%XX%XXXXXX%X%XXXXX%XX/ 


IABUS<3i:0>, 

IDBUS<3i:0>, 

twait<7;0>, 

SWITCH, 

PHIl, 

PHI2; 


!  Internal  Address  Bus 
!  Internal  Date  Bus 

Power  Switch 

Phase  1  Of  Two-Phase  Clock 
Phase  2  Of  Two-Phase  Clock 


port 


/%X%%%1l.%%%%%%%ll.%%%%%'K.K.%%%%XX%%%%%XX%%%%XX%%XX%%XX%X%%tX%X%%%%%%X%XtXXXtt/ 
/X  X/ 
/%  External  Address  ond  Data  Bus  %/ 
/X  X/ 
/ll.til.%%X%%%%ii%tK.ll.%XXXXXXXXXXXXXXX%XXXXX%*XXX%%XttX%%X%*X%%X%%%t%%XttX%%Xt/ 


DBUsa5:o>, 


!  External  Data  Bus 


Aiius<23:i>; 


!  External  Address  Bus<changed) 


foriiot 


/%  */ 

/*  Register  Subfields  %/ 

/%  %/ 


PCADDR 

= 

PC<23:0>,  ! 

Prograni  Counter  Address  Field 

SRTRACE 

= 

SRa5>,  ! 

Trace  Bit 

SRnOBE 

= 

SR<13>,  ! 

Hode  Selection  Bit 

SRCARRY 

= 

SR<0>,  ! 

Carry  Bit 

SROyER 

= 

SR<1>,  ! 

Overflow  Bit 

BRZERO 

= 

SR<2>,  ! 

Zero  Bit 

SRNEG 

= 

SR<3.>,  ! 

Negative  Bit 

SREX 

SR<4>,  ! 

Extend  Bit 

SRttASK 

= 

SR<10;8>,  ! 

Interrupt  HasK 

FCSPACE 

= 

FC<i;o>,  ! 

Memory  Access  Address  Space 

FCMOBE 

= 

FC<2> ,  ! 

User/Supervisor  Mode  Bit 

PCLOW 

= 

PC<15:0>»  ! 

PC  Lou  Word 

PCHI 

= 

PC<3i:i6.:,  ! 

PC  High  Word 

HOLUORIi 

S 

tiC03<1550>,  ! 

BCOl  Low  Word 

DILUORD 

S 

IiClK15:0>,  ! 

DC  13  Lou  Word 

II2LUORD 

s 

DC2D<15:0>,  ! 

IiE23  Lou  Word 

BSLUORD 

= 

BC3D<15:0>,  ! 

BC33  Low  Word 

[i4LU0«li 

BC43<15J0>,  ! 

BC43  Lou  Word 

DSLUORB 

= 

riC51<15J0>,  ! 

BCS3  Low  Word 

Lt6LU0RIi 

S 

BC6D<15:0>,  ! 

DC 63  Low  Word 

BZLWORIi 

= 

IiC73<15.*0>,  ! 

DC73  Low  Word 

LUSREGHUORB 

= 

DISREG<3i:i6>, ! 

DISREG  High  Word 

lUSREGLWORIi 

IiISREG<15:0>,  ! 

DISREG  Lou  Word 

HANABRLOW 

= 

HANAriR<15:0>,  ! 

HANADR  Lou  Word 

HANABRHI 

= 

HANADR<3i:i6>, ! 

HANADR  High  Word 

TErtPADRLOM 

= 

TEMPADR<15;0>,! 

TEMPADR  Low  Word 

TEMPADRHI 

s 

TE«PADR<'3i:i6>; 

TEMPADR  High  Word 

mefeory 


/*  %/ 

/%  16K  16-Bit  Word  Internal  Meniory  */ 

/%  U 


MC0:327673<7;0>; 


mac  ro 

/%  %/ 
/*  Logic  Level  ttocros  %/ 


lo  =01, 
hi  =  1  S  > 

off  =  0  &, 

on  =  1 

clear  =  0  t» 


/%  xy 

/%  Power  On  and  Initialization*  This  process  was  not  oiodeled  but  is  %/ 
/%  added  to  initialize  signals  and  registers.  %/ 
/%  %/ 


power_on_initiali2e  }= 
< 


SWITCH  =  on; 
next; 

READY  =  lo; 

RESET  =  lo; 
cielay(lOO) ; 

RESET  =  hi; 
next; 

ASN  =  hi; 

LIiSN  =  hi; 

UDSN  =  hi; 

DTACKN  =  hi; 

RU  =  hi; 

DBUS  =  Oxffff; 
ABUS  =  Oxffffff; 
MCOxlOOcI  =  Oxff; 
rtcoxioodi  =  oxff; 
HALT  =  hi; 


!  Turn  Power  On 
!  Execute  Assigniiient 
!  Systeii  Not  Reody 
!  Assert  Reset  For 
!  100  HilisecondstActive  Low) 

!  Deactivate  Reset 
!  Execute  Pending  Assignbents 
!  Initialize  Address  Strobe 
!  Initialize  Lower  Data  Strobe 
'  Initialize  Upper  Data  Strobe 
!  Initialize  Dota  Transfer  AcKnowledge 
!  Initialize  Read/Urite<Read  On  High) 

!  Place  Data  Dus  In  High  Iiupedance  Stote 
!  Ploce  Address  Dus  In  High  Ibpedance  State 
!  Place  Heiiory  Locations  Following  The 
!  JHP  Instruction  In  A  High  State 
•  Initialize  Halt  Flip-Flop (Active 


!  Low) 

T  =  O;  !  Initialize  ClocK  Cycle  Counter 

READY  =  hi;  !  Systea  Ready 

/*  «/ 

/%  Routine  Initialization  Per  Hanby  and  Guillory  »/ 

/*  %/ 


SRHODE  s  lo; 

Dcn  =  0x0 ; 

ACOl  =  0x1004; 

PC  =  0x1004; 
MC0x20021  =  0x4e; 
hC0x20033  =  0x73; 
MCOxlOl  =  OxO; 
tttoxin  =  0x0 ; 
HC0X121  =  0x20 ; 
MC0X131  =  0x02; 


Set  Status  Register  To  User  Hode 

Place  Hex  0  Into  DC 11 

Ploce  Hex  1000  Into  AC03 

Place  Hex  1000  Into  Prog  rah  Counter 

Place  RTE  Instruction  In 

Locution  2000  Hex 

Place  Exception 

Vector  In 

Location 

10  Hex 


SA7  =  0x08e6; 


!  Initialize  System  Stack  Pointer 
!  At  Prograik  Headed  Iiown  (Added) 

!  Execute  Assignments 


next 
) 


/%  %/ 

/%  Initial  Fetcn  Cycle.  This  cycle  was  not  luodeled  but  is  necessary  %/ 

/%  to  retrieve  modeled  instructions  for  simulation  and  analysis.  It  */ 

was  fashsioned  from  the  Read  Cycle  described  by  Hamby  and  Guillory  »/ 
/%  on  page  yi-15  of  their  thesis.  »/ 

/*  %■/ 


fetch  initial  instruction  ;= 


PHIl  =  hi} 

PHI2  =  lo; 

RU  =  hi; 
ADENABLE  =  lo; 
BBENABLE  =  lo; 
lABUS  =  Pc; 


next; 


!  Phase  1  Of 
!  Clock  Cycle  0 
!  Memory  Read 

!  Bisable  Address  Bus  Buffer 
<  Disable  Boto  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  I ABUS ; 

FChODE  =  srmode; 

FCSPACE  =  2; 
next; 

ABUS  =  EXABUF; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Hode 
*  Accessing  Program 
!  Execute  Impending  Assignments 
!  Address  Placed  On  Bus(Added) 

!  Execute  Pending  Assignments 


T  =  1; 
next; 


Clock  Cycle  1 
Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
BBENABLE  -  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Doto  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enoble  Dato  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 


!  Phose  2 

!  Of  Clock  Cycle  1 


nextr 


!  Dxecute  Pending  Assignments 


T  =  2i 
next; 


!  ClocK  Cycle  2 
!  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  IiTACKN  egl  hi 
( 

next; 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  Heiiory  To  Place 
I  lioto  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
|•HI2  =  hi; 
next; 


!  Phase  2 

!  Uf  Clock  Cycle  2 
!  Execute  Assignments 


T  =  3; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

riBus<i5;8>  =  mcabust; 

IiBU£i<7;0>  =  MCABUS  +  13; 

DTACKN  =  lo; 

next; 


!  Clock  Cycle  3 
!  Execute  Assigntient 

!  Phase  1 

!  Of  Clock  Cycle  3 
!  Hemory  Pieces  Instruction 
!  On  Bato  Bus  And 
!  Asserts  DTACKN ( Added > 

!  Execute  Pending  Assignments 


T  =  2  !  Return  To  Phose  2 

!  Of  Clock  Cycle  2 

); 

next;  !  Execute  Impending  Assignments 


/%ili*1^%1^9i*tt***%t****t***rit%******%*%****i^ttVitt****t****tl.t****U***/ 


T  =  3; 

!  Clock  Cycle  3 

next; 

?  Execute  Assignment 

PHIl  = 

lo; 

!  PBose  2 

PHI2  = 

hi; 

!  Of  Clock  Cycle  3 

EXDBUF 

=  BBUS; 

!  Instruction  On  Bata  Bus 
\  Is  Ploced  In  External  Boto 
»  Bus  Buffer 

next; 

!  Execute  Pending  Assignments 

T  =  4;  !  Clock  Cycle  4 

next;  !  Execute  Assignoent 


PHIl  =  hi; 
PHI2  =  lo; 

PFR  =  exbbuf; 


Phase  1 

!  Of  Clock  Cycle  4 
!  The  Contents  Of  The  External 
!  Bata  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 


next; 


!  Execute  Pending  /tssignnents 


PHIl  =  lo; 
PH12  =  hi; 
ASN  =  hi; 
LDSN  =  hi; 
UDSN  =  hi; 

IR  =  pfr; 


IiTACKH  =  hi; 


next; 
T  =  0 


!  Phase  2 

!  Of  ClocK  Cycle  A 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivote  Upper  Data  Strobe 
!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 
!  Register 

!  Deactivate  Data  Transfer (Added) 
!  Acknowledge 

!  Increuent  Program  Counter 
!  Execute  Pending  Assignaents 
!  Reset  ClocK  Cycle  Counter 


illegal 

< 


!  Illegal  Instruction  <4AFC) 


PHIl  =  hi; 

PHI2  =  lo; 

RU  s  hi; 

ADENABLE  =  lo; 

ABUS  =  Oxffffff; 
DBENABLE  =  lo; 

DBUS  =  Oxffff; 
iabus<3i;i>  =  pc<3i;i>; 

next; 

PHIl  =  lo; 

PHI2  =  hi; 

ADENABLE  =  hi; 

EXADUF  =  IABUS<23;i>; 

FChODE  =  SRMODE; 

FCSPACF  =  2; 

ABUS  =  IABUS<23:1>; 
next; 


I  Phose  1  Of 
!  Clock  Cycle  0 
!  Heaory  Read 

!  Disable  Address  Bus  Buffer 
!  Address  Bus  High  lapedanced 
!  Disable  Data  Bus  Duffer 
!  Data  Bus  High  lapedonced 
!  Place  PC  On  Internal  Address 
f  Bus 

!  Execute  Pending  Assignments 

!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Node 
!  Accessing  Program 
!  Address  Placed  On  Bus(Added) 
!  Execute  Pending  Assignments 


/*7^t***%*x****n*r**.*TA*******t****t***'(******%t***t*****iiit***t**tt/ 

T  =  1;  »  Clock  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
DBENABLE  «  hi; 


!  Phose  1  Of 
!  Clock  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Doto  Strobe 
!  Enoble  Do to  Bus 


.C-534 


next; 


!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 

iDBus  =  sr; 
PC  =  PC  -  2; 

next; 


!  Phase  2 

!  Of  ClocK  Cycle  1 
!  Ploce  Stotus  Register  On 
!  Internal  Data  Bus 
!  Decrement  PC  To  Illegal  Instruction 
!  Address  (Changed) 

!  Execute  Pending  Assignments 


r  -  T 
I  -  r 

next; 


ClocK  Cycle  2 
Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

SRTEHP  =  IDBUS ; 

while  DTACKH  eql  hi 

< 

next; 


!  Phase  1 

!  Of  Clock  Cycle  2 
>  Ploce  Stotus  Register 
!  On  Bus  In  Temporary  Register 
!  Wait  For  Hemory  To  Place 
!  Data  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  2 
!  Execute  Assignments 


T  =  3; 

next; 

PHIl  =  hi; 

PHI2  =  lo; 

DBUS<15;8>  =  MCABUSi; 
DBUS<7;0>  =  HCABUS  +13; 
LiTACKN  =  lo; 
next; 


»  ClocK  Cycle  3 
!  Execute  Assignment 

!  Phase  1 

!  Of  ClocK  Cycle  3 
!  Hemory  Places  Instruction 
!  On  Date  Bus  And 
!  Asserts  DTACKN( Added) 

!  Execute  Pending  Assignments 


T  =  2  !  Return  To  Phose  2 

!  Of  ClocK  Cycle  2 

next;  !  Execute  Impending  Assignments 


T  =  3; 
next; 


Clock  Cycle  3 
Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUB; 


SRHODE  =  hi; 


!  Phase  2 

!  Of  ClocK  Cycle  3 
!  Instruction  On  Dota  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 
!  Set  Supervisor  Stote 


> 


SRTRACE  =  lo;  !  Turn  Off  Trace 

next;  !  Execute  Pending  i^ssignoients 


T  =  4; 

1 

next; 

1 

PHIl  =  hx; 

PHIl*  =  lo; 

PFR  =  exdbuf; 

BA7  =  SA7  -  2; 

next; 

PHIl  =  lo; 

PHI2  =  hi; 

ASN  =  hi; 

LDSN  =  hi; 

UDSN  =  hi; 

DTACKN  =  hi; 

next; 

Clock  Cycle  A 
Execute  Assignifient 

Phase  1 

Of  Clock  Cycle  4 
The  Contents  Of  The  External 
Data  Bus  Buffer  hre  Placed 
In  Prefetch  Register 
Decretoent  System  Stack  Pointer 
To  Point  To  Location  Thot  Uill 
Receive  PC's  Lou  Uord 
Execute  Pending  Assignments 

Phose  2 

Of  Clock  Cycle  4 
Deactivate  Address  Strobe 
Deactivate  Lower  Data  Strobe 
Deactivate  Upper  Data  Strobe 
Deactivate  Data  Transfer(Added ) 
Acknowledge 

Execute  Pending  Assignments 


T  =  5;  !  Clock  Cycle  5 

next; 


PHIl  =  hi; 

PHr2  =  lo; 
ADENABLE  =  lo,* 
ABUS  =  Oxffffff; 
LiBENABLE  =  lo; 
DBUS  =  Oxffff; 
VECAIiR  =  4; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  5 
!  Disable  Address  Bus  Buffer 
!  Address  Bus  High  Impedanced 
!  Disable  Date  Bus  Buffer 
>  Date  Bus  High  Impedanced 
!  Ploce  Vector  Nuviber  In  Register 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHi2  =  hi; 

riextf 


!  Phase  2  Of 
!  Clock  Cycle  5 

!  Execute  Impending  Assignments 


/$*$}Kt:!lll.1liU***$***U*****U**$tt*****************^***$*tti*tt*tt**tt/ 


T  =  6; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

VECADR  =  VECADR  »iarith  2; 
next; 


Clock  Cycle  6 
Execute  Assignment 

Phase  1  Of 
Clock  Cycle  6 
Aultiply  Vector  Number 
By  4  For  Vector  Address 
Execute  Pending  Assignments 


C-356 


V.  V 

-vis; 


•-m>- 


PHIl  =  loj  !  Phase  2 

PHI2  =  hi}  !  Of  ClocK  Cycle  6 

next}  !  Execute  Pending  Assignoients 


T  =  7} 

!  ClocK  Cycle  7 

next} 

!  Execute  Assigniient 

PHIl  =  hi} 

.•  Phase  1 

PH12  =  lo} 

!  Of  ClocK  Cycle  7 

next} 

PHIl  =  lo} 

!  Phase  2 

PHI2  =  hi} 

!  Of  ClocK  Cycle  7 

next} 

T  =  8} 

!  ClocK  Cycle  8 

next} 

!  Execute  Assignment 

PHIl  =  hi} 

!  Phase  1 

PH12  =  lo} 

!  Of  ClocK  Cycle  6 

next} 

!  Execute  Pending  Assignments 

PHIl  =  lo} 

j  Phase  2 

PHI2  =  hi} 

!  Of  ClocK  Cycle  8 

next} 

T  =  9} 

!  ClocK  Cycle  9 

(i&xi/  r 

!  Execute  Assignment 

PHIl  =  hi} 

PHI2  =10} 

RW  =  hi} 

ADEN ABLE  =  lo} 
UBENABLE  =  lo} 
DBUS  =  Oxffff} 
I ABUS  =  SA7} 

next} 


!  Phase  1  Of 
!  ClocK  Cycle  9 
!  heiiory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Doto  Bus  Buffer 
!  Dota  Bus  High  Inpedanced 
!  Place  SA7  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo} 

PHI2  =  hi} 

ADENABLE  =  hi} 

EXABUF  =  IABUS<23}1>} 

FCHODE  =  SRHODE} 
FCSPACE  =  1} 

I DBUS  =  PCLOU} 


!  Phase  2  Of 
ClocK  Cycle  9 

!  Enable  Address  Bus  Buffer 
!  Cote  Internal  Address  Bus 

!  Into  External  Address  Buffer 

!  Supervisor  hode 
!  Accessing  Data 
!  Place  Low  Word  from  PC  Onto 
!  Internal  Data  Bus 

!  Place  Address  On  External  Data  Bus 


ABUS  =  IABUS<23{1>} 


next; 


!  Execute  Impending  Assignments 


T  =  lo;  !  Clock  Cycle  10 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

RW  =  lo; 

EXDbUF  =  IDbUS; 

next ; 


!  Phase  1  Of 
!  Clock  Cycle  10 
<  Assert  Address  Strobe 
!  Activate  Write 
!  Place  Internal  Oota  Bus 
!  Contents  Into  External  Bota  Buffer 
!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 

[iBUS  =  exdbuf; 

DBENABLE  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  10 
!  Contents  Of  External  Data  Buffer 
!  Placed  On  Dato  Bus 
!  Enoble  Data  Bus 
!  Execute  Pending  Assignments 


T  =  li;  !  Clock  Cycle  11 

next;  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

UDSN  =  lo; 

LDSN  =  lo; 

twoit  =  o; 

next; 

while  DTACKN  eql  hi 
( 

twoit  =  twait  +  i; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  11 
>  Activate  Upper  Data  Strobe 
!  Ac ti vote  Lower  Data  Strobe 


!  Wait  For  Memory  To  Place 
!  Date  On  The  Bus 

!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phose  2 

!  Of  Clock  Cycle  11 
!  Execute  Assignments 


/$t1iii:$*$ii$tin$$*in$*tit*****$$***$t$**$$**t*****$****tt$*$*****/ 

7-12}  !  Clock  Cycle  12 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PH12  =  lo; 
if  twoit  eql  2 
< 

MLABUSD  =  DBUS<15:8>; 
MCABUS  +  n  =  DBUS<7;0>; 
DTACKN  =  lo 
); 

next; 


!  Phase  1 

!  Of  Clock  Cycle  12 


!  PC  Low  Word 
!  Stored 

!  Asserts  DTACKN (Added) 

!  Execute  Pending  Assignments 


/t***t*t******t*t*tt***t.**t1ftt*t********t*t**%**%t**t**t*1l‘*t/ 
T  =  H  !  Return  To  Phase  2 

!  Of  Clock  Cycle  11 


next  r 


!  Execute  Impending  /tssignments 


T  =  12;  !  Clock  Cycle  12 

next;  !  Execute  Assignment 

PHIl  =  lo;  !  Phase  2 

PH12  =  hi;  !  Of  Clock  Cycle  12 

SA7  =  SA7  -  4;  !  Set  Systeoi  Stuck  Pointer 

!  To  Point  To  Stotus  Register 
!  Storage  Location 

next;  !  Execute  Pending  Assignments 

T  =  13;  !  Clock  Cycle  13 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 
next; 

PHIl  =  lo; 
PHI2  *  hi; 
ASH  >  hi; 
LKSN  =  hi; 
UD5N  =  hi; 
UTACKH  =  hi; 

next; 


!  Phase  1 

!  Of  Clock  Cycle  13 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  13 
!  Iieoctivute  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivote  Upper  Doto  Strobe 
!  Deactivote  Data  TronsferlAdded ) 
!  Acknowledge 

!  Execute  Pending  Assignments 


T  =  14;  !  Clock  Cycle  14 

next; 


PHIl  =  hi; 

PHI2  =  lo; 

RW  =  hi; 

ADENADLE  -  lo; 
ABUS  =  Oxffffff; 
DBENABLE  =  lo; 
lABUS  =  SA7; 

next; 

PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
DBUS  =  Oxffff; 


!  Phase  1  Of 
!  Clock  Cycle  14 
>  Memory  Read 

!  Disable  Address  Bus  Buffer 
!  Address  Bus  High  Impedanced 
!  Disoble  Date  Bus  Buffer 
!  Place  SA7  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 

!  Phose  2  Of 
!  Clock  Cycle  14 
!  Enoble  Address  Bus  Buffer 
•  Doto  Bus  High  Impedonced 


EXABUF  =  IA£lUS<23;i;>; 


FCttOIiE  =  srhode; 
FCSPACE  =  i; 

IDBUS  =  SRTEMP; 

ABUS  =  IABUS<23:i>; 
neKt> 


!  Cote  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  Supervisor  Mode 
!  Accessing  Bota 

!  Place  Holder  Of  Status  Register 
!  Onto  Internal  Bata  Bus 
!  Place  Address  On  Address  Bus 
!  Execute  loipending  Assigniients 


T  =  is;  !  Clock  Cycle’  15 

next;  !  Execute  Assignnent 


PHll  =  hi; 

PHI2  =  lo; 

ASH  =  lo; 

Ru  =  lo; 

EXDBUF  =  IBBUS; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  15 
!  Assert  Address  Strobe 
!  Activate  Write 
!  Internal  Bata  Bus  Moved 
!  To  External  Bota  Buffer 
!  Execute  Pending  Assigninents 


PHIl  =  lo; 

PHI2  =  hi; 

BBUS  =  exbbuf; 

BBENABLE  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  15 
!  Contents  Of  External  Bota 
!  Buffer  Placed  On  Bato  Bus 
!  Enable  Bata  Bus 
!  Execute  Pending  Assigneents 


/t%%***t****ut*****t*%***t*t%**t****tt*ttttu*t**t*tt*t***t*ttttt/ 

T  =  16;  !  Clock  Cycle  16 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

UBSN  =  lo; 

LBSN  =  lo; 

twcit  =  o; 

next; 

while  BTACKN  eql  hi 

< 

twoit  =  twait  +  i; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  16 
!  Activate  Upper  Bata  Strobe 
!  Activate  Lower  Bata  Strobe 


!  Wait  For  Memory  To  Place 
!  Bato  On  The  Bus 

!  Execute  Impending  Assignments 


PHIl  =  lo; 
PH12  =  hi; 
next; 


!  Phose  2 

!  Of  Clock  Cycle  16 
!  Execute  Assignments 


/%t1ii*t*******%%*t*t***t*%t^*%t%*%*%%****%*t*ttttt*ttt%%*til‘tt*/ 
T  =  17;  !  Clock  Cycle  17 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 


!  Phase  1 

!  Of  Clock  Cycle  17 


if  tuait  eql  2 
( 

MCAHUS3  =  IiBUSa5:8>; 
mlabus  +  i:  =  ri£ius<7:o>; 
DTACKN  =  lo 
); 

next; 


!  PC  Low  Uord 
!  Stored 

!  Asserts  PTACKN( Added) 

!  Execute  Pending  Assignaents 


T  =  16  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  16 

); 

riext;  !  Execute  Impending  Assignoients 

/*ti:ti>^tt**1(******^**:i^*tt**tttt**tt*****t*tttt*tt*t***t****%t*U*tt./ 

T  =  17;  !  Clock  Cycle  17 

next;  !  Execute  Assignihent 


PHll  =  lo; 

PHI2  =  hi; 

SA7  SA7  +  2; 


next; 


!  Phase  2 

!  Of  ClocK  Cycle  17 
!  Set  SysteBi  Stack  Pointer 
!  To  Point  To  High  PC 
!  Storage  Location 
!  Execute  Pending  Assignments 


T  =  IC;  !  Clock  Cycle  18 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 
next; 

PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LDSN  =  hi; 
UHSN  =  hi; 
PTACKN  =  hi; 

next; 


!  Phase  1 

!  Of  ClocK  Cycle  18 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  ClocK  Cycle  10 
!  Deactivote  Address  Strobe 
!  Deactivote  Lower  Doto  Strobe 
!  Deoctivate  Upper  Data  Strobe 
!  Deactivote  Data  Transfer! Added) 
!  Acknowledge 

!  Execute  Pending  Assignments 


T  =  19;  !  Clock  Cycle  19 

next;  !  Execute  Pending  Assignments 


PHIl  =  hi; 

PHI2  =  lo; 

RW  =  hi; 

ADENADLE  =  lo,’ 
ABUS  =  Oxffffff; 
UBENADLE  =  lo; 
lABUS  =  SA7; 


!  Phose  1  Of 
•  Clock  Cycle  19 
!  Memory  Read 

!  Disable  Address  Bus  Buffer 
!  Address  Bus  High  Impedanced 
!  Disable  Data  bus  Buffer 
!  Ploce  SA7  On  Internal  Address 


next; 


!  Execute  Pending  Assignibents 


PHll  =  lo; 

PHI2  =  hi; 

ADENABLE  =  hi; 

DBUS  =  Oxffff; 

EXABUF  =  IABUS<23;i>; 

FCKOHE  =  grmode; 
FCSPACE  =  i; 

IDBUS  =  PCHi; 

ABUS  =  IABUS<23:i>; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  19 
!  Enable  Address  Bus  Buffer 
!  Bata  Bus  High  Inpedanced 

!  Sate  Internal  Address  Bus 

!  Into  External  Address  Buffer 

!  Supervisor  Mode 
!  Accessing  Bata 
!  Place  High  Word  Of  PC 
!  Onto  Internal  Bata  Bus 

!  Place  Address  On  External  Bus 

!  Execute  Impending  Assignments 


/)ft:^t**ilit*t%**t%t*tttttt%****t%9.t**t%$t*tt*tt****tt*tt**t*tt%***tt/ 
T  =  20;  !  Clock  Cycle  20 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASH  =  lo; 

RU  :=  lo; 

EXBBUF  =  IBBUS; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  20 
!  Assert  Address  Strobe 
f  Activate  Write 
!  Internal  Bota  Bus  Moved 
!  To  External  Bota  Buffer 
!  Execute  Pending  Assignments 


PHIl  *  lo; 

PH12  =  hi; 

BBUS  =  EXBBUF ; 

BBENABLE  =  hi; 
next; 


I  Phase  2 

!  Of  Clock  Cycle  20 
!  Contents  Of  External  Bota 
!  Buffer  Ploced  On  Bate  Bus 
!  Enable  Bata  Bus 
!  Execute  Pending  Assignments 


/t%ti^Tt*tf.4*%***t******%t********tty^***********tt**tif*%***%*t**%t**t/ 
1  =  2i;  !  Clock  Cycle  21 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

UBSN  =  lo; 

LBSN  =  lo; 
twait  =  O; 
next; 

while  BTACKN  eql  hi 
( 

twait  =  twoit  f  i; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  21 
!  Activate  Upper  Bota  Strobe 
!  Activote  Lower  Bata  Strobe 


!  Wait  For  Memory  To  Place 
!  Bato  On  The  Bus 

!  Execute  Impending  Assignments 


PHIl  =  lo; 
PH12  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  21 
!  Execute  Assignments 


T  =  22;  !  Clock  Cycle  22 

nexti  !  Execute  ^ssignoient 


PHIl  =  hi; 

PH12  =  lo; 
if  twait  eql  2 
( 

MCAHUSD  =  IiBUS<15;B>; 
MCABUS  +13  =  tiBUS<7;0>; 
LiThCKN  =  lo 
); 

next; 


!  Phase  1 

!  Of  Clock  Cycle  22 


!  PC  Low  Uord 
!  Stored 

!  Asserts  DTACKN< Added ) 

!  Execute  Pending  Assignrwents 


/t%*yif-*t**t*^*t**i-%t*tt**ttttt*tt**%**%**ttt***it%%ii‘*%%t*t**t/ 

T  =  21  !  Return  To  Phose  2 

!  Of  Clock  Cycle  21 

) ; 

next;  !  Execute  Impending  Assignments 


T  =  22;  !  Clock  Cycle  22 

next;  !  Execute  Assignnent 


PHll  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  22 
!  Execute  Pending  Assignments 


T  =  23;  !  Clock  Cycle  23 

next;  !  Execute  Assignment 


PHll  =  hi; 
PHI2  =  lo; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  23 
i  Execute  Pending  Assignments 


PHll  =  lo; 
PHI2  =  hi; 
ASH  =  hi; 
LliSN  =  hi; 
UBSN  =  hi; 
DTACKN  =  hi; 

next; 


}  Phase  2 

!  Of  Clock  Cycle  23 
!  Deactivate  Address  Strobe 
!  Deactivote  Lower  Dato  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Deactivote  Dato  Tronsfer( Added) 
!  Acknowledge 

!  Execute  Pending  Assignments 


!  Clock  Cycle  24 
!  Execute  Assignment 


PHll  =  hi; 
PHI2  =  lo; 


T  =  24; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  24 
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RU  =  hi; 

MiENABLE  =  lo; 

ABUS  =  Oxffffff; 
DBENABLE  =  lo; 

lABUs  =  vecabr; 

ne;:i; 

PHIl  =  lo; 

PHI2  =  hi; 

ABENABLE  =  hi; 

DBUS  =  Oxffff; 

EXABUF  =  IABUS<23;i>; 

FCHODE  =  SRAOBE; 
FCSPACE  =  i; 

ABUS  =  iABUS«;23ri:>; 
next; 


!  Heiiory  Read 

!  Disable  Address  Bus  Buffer 
)  Address  Bus  High  lupedanced 
!  Disable  Dato  Bus  Buffer 
!  Place  UECADR  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assigneents 

!  Phase  2  Of 
!  Clock  Cycle  24 
!  Enable  Address  Bus  Buffer 
t  Data  Bus  High  Ihpedanced 
!  Cate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  Supervisor  Mode 
!  Accessing  Dota 
!  Place  Address  On  External  Bus 
!  Execute  Impending  Assigneents 


/$:UU*KU$**!k****9****K*$**t:*$*t*f**t**¥$fi:**»-***^***$*t$*t*$$t*n/ 
T  =  25;  !  Clock  Cycle  25 

next;  !  Execute  Assignment 


w 

I  I 


i  > 

■V  r  yr^  v*. 


l  I 


PHIl  =  hi; 

PHI2  =  lo; 

ASH  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
DBENABLE  -  hi; 
next; 


!  Phose  1  Of 
!  Clock  Cycle  25 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enable  Dota  Bus 
!  Execute  Pending  Assignments 


■> 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  25 
!  Execute  Pending  Assignments 


/%%%*ytt9******9****%99*9*********t***t*tt%%*%**9*t1l.%t%t**ttttt%**/ 
T  =  26;  I  Clock  Cycle  26 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
wnile  DTACKN  eql  hi 
< 

next; 


!  Phase  1 

!  Of  Clock  Cycle  26 
!  Wait  For  Hemory  To  Place 
!  Dota  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phose  2 

!  Of  Clock  Cycle  26 
!  Execute  Assignments 


it® 


/t*****9***9***tt**t**1ft**$**ttt**tt**t*ttt*t**tt*tt*tttt*t*/ 

T  =  27;  !  Clock  Cycle  27 

next;  !  Execute  Assignment 


C-544 


"  vTKjraL- 


PHll  =  hi; 

PHI2  =  lo; 

DBUSaSJB:;  =  HCABUS3; 
D£IUS<7;0>  =  MCftBUS  +  13; 
DTACKN  =  lo; 
riext; 


!  Phase  1 

!  Of  Clock  Cycle  27 
!  Heuiory  Places  Instruction 
!  On  Data  Bus  And 
>  Asserts  DTACKN( Added) 

!  E:<ecute  Pending  Assignaents 


T  =  26  !  Return  To  Phase  2 

!  Of  Clod;  Cycle  26 

); 

next;  •  Execute  Inpending  Assignments 

/tx*tt*****%*'n-*t.***t***t*t*tt*t**'$.t*****tt**t*ttttttttt*%wt*t**t/ 

T  =  27;  !  Clock  Cycle  27 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  27 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  28;  I  Clock  Cycle  28 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PH12  =  lo; 

HANADRLOW  =  EXuBUP; 


next; 

PHIl  =  lo; 

PHI2  =  hi; 

ASN  =  hi; 

LDSN  =  hi; 

UDSN  =  hi; 

DTACKN  =  hi; 

VECADR  =  VECADR  +  2; 

next; 


!  Phase  1 

!  Of  Clock  Cycle  28 
!  The  Contents  Of  The  Externol 
!  Dota  Bus  Buffer  Are  Placed 
!  In  Handler  Routine  Low  Address 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  28 
!  Deoctivote  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivote  Upper  Data  Strobe 
!  Deactivote  Dota  Transfer( Added) 

!  Acknowledge 

!  Increment  Vector  Address  Register 
!  To  Pick  Handler  Address  Lou  Word 
f  Execute  Pending  Assignments 


T  =  2y; 

next; 

PHIl  =  hi; 
PH12  =  lo; 


!  Clock  Cycle  29 
!  Execute  Assignment 

*  Phase  1 

!  Of  Clock  Cycle  24 


RU  =  hi; 
iHbENABLE  s  lo; 

ARUS  =  Oxffffff; 
DRENABLE  »  lo; 

DBUS  =  Oxffff; 

I ABUS  =  vecadr; 

IHBUS  =  HANAIiRLOU; 


next; 


Heiiory  Reod 

Bisoble  Address  Bus  Buffer 
Address  Bus  High  lepedanced 
Bi sable  Bo to  Bus  Buffer 
Bato  Bus  High  lepedanced 
Place  VECABR  On  Internal  Address 
Bus 

Hove  Handler  High  Address  To 
Bata  Bus 

Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 

AOENABLE  -  hi; 

EXABUF  =  IABUS<23‘.1>; 

FCHOBE  =  SRHOBE; 
FCSPACE  =  i; 

HANADRHI  ^  IBBUS; 


ABUS  =  1ABUS<23:1>; 
next; 


Phase  2  Of 

ClocK  Cycle  29 

Enable  Address  Bus  Buffer 

Gate  Internal  Address  Bus 

Into  Externol  Address  Buffer 

Supervisor  Hode 

Accessing  Bato 

Hove  Hondler  High  Address 

To  Upper  Word  Of  Register 

Place  Address  On  External  Bus 

Execute  Impending  Assignments 


T  =  30;  !  ClocK  Cycle  30 

next;  >  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASM  =  lo; 

LBSN  =  lo; 

UBSN  -  lo; 
BBENABLE  =  hi; 
next; 


f  Phase  1  Of 
!  ClocK  Cycle  30 
!  Assert  Address  Strobe 
!  Assert  Lower  Boto  Strobe 
!  Assert  Upper  Beta  Strobe 
!  Enable  Bato  Bus 
■  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  30 
>  Execute  Pending  Assignments 


T  =  3i;  !  Clock  Cycle  31 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
( 

next; 


!  Phose  1 

!  Of  ClocK  Cycle  31 

>  Wait  For  Hemory  To  Place 

>  Bata  On  The  Bus 

!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


»  Phose  2 

j  Of  ClocK  Cycle  31 
<  Execute  Assignments 


T  =  32;  !  ClocK  Cycle  32 


next; 

PHIl  =  hi; 

PH12  =  lo; 

DHUSU5:8>  =  rtCAbUSi; 
DifUS<7:0>  =  hC^BUS  +  13; 
DTACKN  =  lo; 
next; 


!  Execute  Assignaent 
!  Phase  1 

!  Of  ClocK  Cycle  32 
!  Heiiory  Places  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKN( Added) 

!  Execute  Pending  Assignments 


T  =  31  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  31 

) ; 

next;  !  Execute  Impending  Assignments 


T  =  32;  !  ClocK  Cycle  32 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUS; 


next; 


!  Phose  2 

!  Of  Clock  Cycle  32 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Dato 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  33;  !  Clock  Cycle  33 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

HANADRLOW  =  EXDBUF; 


next; 


Phose  1 

!  Of  ClocK  Cycle  33 
J  The  Contents  Of  The  Externol 
•  Doto  Bus  Buffer  Are  Ploced 
!  In  Handler  Routine  Low  Address 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
ASH  =  hi; 
LDSH  =  hi; 
UDSN  =  hi; 
DTACKN  =  hi; 

next; 


!  Phase  2 

!  Of  Clock  Cycle  33 
!  Deoctivate  Address  Strobe 
!  Deoctivate  Lower  Doto  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Deoctivate  Data  Transfer(Added) 
!  Acknowledge 

!  Execute  Pending  Assignments 


T  =  34; 
next; 


!  Clock  Cycle  34 
!  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

RU  =  hi; 

AlCNAbLE  =  lo; 
A6US  =  0>:ffffff; 
UUENAULE  =  lo; 
tmus  =  Oxffff; 
lAHUs  =  hanadr; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  34 
!  Hebory  Read 

!  Disable  Address  Dus  Buffer 
!  Address  Dus  High  Inpedanced 
!  Disable  Data  Dus  Duffer 
!  Data  Dus  High  Ihpedanced 
!  Place  HANADR  On  Internal  Address 
!  Dus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 

ADENABLE  =  hi; 

EXADUF  =  IABUS<23:i> 

FCrtODE  =  SRhODE; 

PC  =  I ABUS ; 

FCSPACE  =  2; 

ABUS  =  IABUS<23:i>; 
next ; 


!  Phase  2  Of 
!  Clock  Cycle  34 
!  Enable  Address  Dus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Duffer 
!  User  Mode 
!  Ploce  HANADR  In  PC 
>  Accessing  Prog  ram 
!  Place  Address  On  External  Bus 
!  Execute  Impending  Assignments 


/i;.t*$i:***$t*$***1i:**$$***9:ii**it*tir**’Hrnti*ilitt****$tt*tt**t***ttt*t*tt*/ 

T  =  35;  !  Clock  Cycle  35 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  -  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
DBENABLE  =  hi; 
next; 


!  Phose.l  Of 
<  Clock  Cycle  35 
!  Assert  Address  Strobe 
!  Assert  Lower  Doto  Strobe 
!  Assert  Upper  Dota  Strobe 
!  Enoble  Doto  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  35 
!  Execute  Pending  Assignments 


/9ti****M**t************T(**********$**$***tt$*****$$**$t$**r$*$$*vt/ 

T  =  36;  !  Clock  Cycle  36 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
( 

next; 


!  Phose  1 

!  Of  Clock  Cycle  36 
!  Wait  For  Memory  To  Ploce 
!  Data  On  The  Dus 
!  Execute  Impending  Assignments 


PHIl  s  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  36 
•  Execute  Assignments 


T  =  37; 
next* 

PHIl  =  hi; 

PHI2  =  lo; 

ii£(US';i5;8>  =  ttCABUs]; 

iiBUb<7:o>  =  rttAKUs  +  n; 

DTACKN  =  lo; 
next; 


!  ClocK  Cycle  37 
!  Execute  Assigniient 

!  Phase  1 

!  Of  ClocK  Cycle  37 
!  Heoiory  Places  Instruction 
!  On  Data  Dus  And 
!  Asserts  DTACKN<Added ) 

!  Execute  Pending  Assignments 


T  =  36  !  Return  To  Phose  2 

!  Of  Clock  Cycle  36 


next; 


!  Execute  laipending  Assignments 


/ttK.t**Y*******t*t%t**tt**t**t*%t*t***t%*tt*t'f*tti;.tttt*tt*t**tt**t/ 

T  =  37;  !  ClocK  Cycle  37 

next;  !  Execute  Assignment 


PHll  =  lo; 

PHI2  =  hi; 
EXDDUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  37 
*  Instruction  On  Data  Dus 
!  Is  Placed  In  External  Doto 
!  Bus  Duffer 

!  Execute  Pending  Assignments 


T  =  38;  !  ClocK  Cycle  38 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 

PFR  =  exdbuf; 


next; 

PHIl  =  lo; 
PH12  =  hi; 
ASA  =  hi; 
LDSN  =  hi; 
UDSN  =  hi; 
IR  =  pfr; 


DTACKN  =  hi; 

PC  =  PC  +  2; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  38 
!  The  Contents  Of  The  External 
!  Dota  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  38 
!  Deactivote  Address  Strobe 
!  Deoctivate  Lower  Doto  Strobe 
!  Deactivate  Upper  Doto  Strobe 
!  Contents  Of  Prefetch  Register 
!  Are  Ploced  Into  Instruction 
!  Register 

!  Deactivate  Dota  Transfer (Added) 
!  Acknowledge 

!  Increment  Program  Counter 
!  Execute  Pending  Assignments 


C-J.49 


Vi. 


!  ClocK  Cycle  39 


T  =  39; 
next; 


PHIl  =  hi; 

PHI2  =  lo; 
tSUENABLE  =  lo; 
UBENABLE  =  lo; 
DBUS  =  Oxffff; 
fiSN  =  hi; 

LDSN  =  hi; 

UDSH  =  hi; 
next; 


!  Phase  1  Of 
ClocK  Cycle  39 
!  Disable  Address  Bus  Buffer 
!  Disable  Da to  Bus  Buffer 
!  Data  Bus  High  liupedonced 
!  Di-sable  Address^ 

!  Lower  Data*  and 
!  Upper  Data  Strobes 
!  Execute  Pending  Assignaents 


PHIl  =  lo; 

PHI2  =  hi; 

ABUS  =  Oxffffff; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  39 
!  ABUS  High  Ispedanced 
!  Execute  Iibpending  Assignuents 


/$f.*$$$t$***>H***$9>ft$*$**$ttttlf*$****$******i$*******$****t9^**$***t/ 

T  =  40;  !  ClocK  Cycle  40 

next;  !  Execute  Assignikent 


PHIl  =  hi; 
PHI2  =  lo; 
next; 


!  Phase  1  Of 

!  ClocK  Cycle  40 

!  Execute  Pending  Assignuents 


PHIl  s  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  40 


1=0  !  Reset  ClocK  Cycle  Counter 

) 


( 

SA7  =  SA7  -  2; 
next; 

SR<15;8:>  =  MCSA73; 

sft<7;o>  =  rtCSA7  -1  ii; 

next; 

SA7  =  SA7  2; 
next; 

PC<3i:24>  =  MCSA73; 
PC<23;i6>  =  MESA7  +  13; 
next; 

SA7  =  SA7  +  2; 
next; 

PC<15:8>  =  MCSA73; 
PC<7;0>  =  rtCSA7  +13; 
next; 

IR<15;8>  =  HCPCi; 

iR<7:o>  =  MCPC  +  n; 


"-V'JTir  v 

=  PC  +  2} 

=  2o; 

y.i; 

=  0 

( 

!  MDUE.U  D1,B2 

PHIl  =  hi; 

!  Phase  1  Of 

PH12  =  lo; 

!  Clock  Cycle  0 

Dpus  =  oxffff; 

!  Ploce  Beta  Bus  In  High  Impedonce 

KU  =  hi; 

!  Heiiory  Read 

ftliENABLE  =  lo; 

!  Bisable  Address  Bus  Buffer 

UBENiSBLE  =  lo; 

!  Disable  Data  Bus  Buffer 

I ABUS  =  PC; 

!  Place  PC  On  Internal  Address 

!  Bus 

IBBUS  =  biluord; 

!  Place  Lou  Uord  Froh  DCl]  Onto 

!  Internal  Date  Bus 

next; 

<  Execute  Pending  Assignuents 

PHIl  =  lo; 

!  Phase  2  Of 

PHI2  =  hi; 

!  Clock  Cycle  0 

ADENABLE  =  hi; 

!  Enable  Address  Bus  Buffer 

EXABUF  =  I ABUS ; 

!  Gate  Internal  Address  Bus 

!  Into  External  Address  Buffer 

FCMOBE  =  SRHODE; 

!  User  Hode 

FCSPACE  =  2; 

!  Accessing  Prograe 

SRCARRY  =  lo; 

!  Cleor  Status  Register  Carry  Bit 

SROVER  =  lo; 

!  Clear  Stotus  Register  Overflow  Bit 

SRZERO  =  lo; 

!  Cleor  Status  Register  Zero  Bit 

BRHE6  =  lo; 

!  Clear  Stotus  Register  Negative  Bit 

B2LU0RII  =  IBBUS ; 

!  Ploce  Boto  Frott  Internol  Doto  Bus 

!  Into  Low  Uord  Of  DC2] 

next; 

!  Execute  litpending  Assigneents 

ABUS  =  EXABUF; 

!  Address  Placed  On  Bus< Added) 

next; 

!  Execute  Pending  Assigneenis 

T  =  1; 

!  Clock  Cycle  1 

next; 

!  Execute  Assignitent 

PHIl  =  hi; 

!  Phase  1  Of 

PHI2  =  lo; 

!  Clock  Cycle  1 

ASH  =  lo; 

!  Assert  Address  Strobe 

LbSN  -  lo; 

)  Assert  Lower  Boto  Strobe 

UBSN  -  lo; 

!  Assert  Upper  Bata  Strobe 

IiBENABLE  =  hi; 

!  Enoble  Doto  Bus 

if  B2LU0RB  eql  0 

!  Set  Stotus  Register  Zero  Bit 

SRZERO  =  hi; 

!  If  Moved  Dato  Is  Zero 

next; 

!  Execute  Pending  Assigneents 

pHii  =  lo; 

PHI2  =  hi; 
if  IIC23<15> 
SRNEG  =  hi; 


!  Phase  2 

!  Of  ClocK  Cycle  I 
!  Set  Status  Register  Negative 
!  Bit  If  Hoved  Bata  Is  Negative 
!  Execute  Pending  Assignments 


T  =  2; 
next; 


!  ClocK  Cycle  2 
!  Execute  Assignment 


PHll  =  hi; 

PHI2  =  lo; 
while  BTACKN  eql  hi 
( 

nexLr 


!  Phase  1 

!  Of  ClocK  Cycle  2 
!  Wait  For  Hemory  To  Place 
!  Bata  On  The  Bus 
!  Execute  laipending  Assignments 


PHll  =  lo; 
PHI2  =  hi; 
next; 


Phase  2 

Of  ClocK  Cycle  2 
Execute  Assignments 


T  =  3; 
next; 

PHll  =  hi; 

PHI2  =  lot 

DBUS<15:8>  =  rtCABUSD; 
DBUS<7:o>  -  hCABUS  +13; 
BTACKN  =  lo; 
next; 


!  ClocK  Cycle  3 
!  Execute  Assignment 

!  Phase  1 

!  Of  ClocK  Cycle  3 
!  Memory  Places  Instruction 
!  On  Bata  Bus  And 
!  Asserts  BTACKN ( Ad ded ) 

!  Execute  Pending  Assignments 


1=2  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  2 

); 

next;  !  Execute  Impending  Assignments 


T  =  3;  !  ClocK  Cycle  3 

next;  !  Execute  Assignment 


PHll  =  lo; 

PHI2  =  hi; 
EXBBUF  =  BbUC; 


next; 


!  Phose  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Bota  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  4;  !  Clock  Cycle  4 

next;  !  Execute  Assignment 


PHIl  =  hi; 

!  Phase  1 

PHI2  =  lo; 

!  Of  ClocK  Cycle  4 

PFR  =  exdbuf; 

!  The  Contents  Of  The  External 
!  Dota  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 

next; 

!  Execute  Pending  Assignments 

PHIl  =  lo; 

!  Phase  2 

PHI2  =  hi; 

!  Of  ClocK  Cycle  4 

ASH  =  hi; 

!  Deactivate  Address  Strobe 

LUSH  =  hi; 

‘  Deactivate  Lower  Date  Strobe 

UDSN  =  hi; 

!  Deactivate  Upper  Data  Strobe 

IR  =  pfr; 

!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 
!  Register 

DTACKN  =  hi; 

!  Deactivate  Data  Transfer (Added ) 
■.  AcKnowledge 

PC  =  PC  f  2; 

!  Increment  Program  Counter 

next; 

!  Execute  Impending  Assignments 

T  =  0 

!  Reset  ClocK  Cycle  Counter 

) 


!  JMF-  (AO) 


F-HIl  =  hi; 

F-HI2  =  lo; 

IiBUS  =  0>;ffff; 
HW  =  hi; 
AIiENABLE  =  lo; 
liBENABLE  -  lo? 

I ABUS  =  pc; 

next; 


!  Phase  1  Of 
!  ClocK  Cycle  0 

!  Place  Boto  Bus  In  A  High  lapedance 
!  heiiory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Dato  Bus  Buffer 
!  Place  PC  On  Internal  Address 
?  Bus 

!  Execute  Pending  Assigniuents 


pKii  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  lABUS; 

FChODE  =  shaode; 
FCSPACC  =  2; 
next; 

ABUS  =  EXABUF ; 
next; 


Phase  2  Of 
ClocK  Cycle  0 
Enable  Address  Bus  Buffer 
Gate  Internal  Address  Bus 
Into  External  Address  Buffer 
User  Mode 
Accessing  Program 
Execute  Pending  Assignments 
Address  Placed  On  Bus(Added) 
Execute  Pending  Assignments 


/%*%t%%*%%**1l-***%*%%***t****%**'$***t**Tt.*tt*t*%****t**ttt******t*%t/ 
1=1}  !  ClocK  Cycle  1 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lol 
LUSN  =  lo; 
unsN  =  lo; 
iftbus  =  ALo:; 

DUENA&LE  =  hi; 
ne/.t; 


!  Phase  1  Of 
!  ClccK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Lata  Strobe 
!  Assert  Upper  Data  Strobe 
!  hove  Jump  Address  Froii  ACOII 
!  To  Internal  Address  Buffer 
!  Enable  Dota  Bus 
!  Execute  Pending  Assignbents 


PHIl  =  lo; 
PH12  =  hi; 
PC  =  I ABUS; 

next; 


!  Phase  2 

!  Of  ClocK  Cycle  1 
!  Place  Jubp  Address  Into  Program 
!  Counter 


T  =  2;  !  ClocK  Cycle  2 


next; 


!  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  OTACKN  egl  hi 
( 

next; 


Phase  1 

!  Of  ClocK  Cycle  2 
!  Wait  For  Memory  To  Place 
!  Bata  On  The  Bus 
<  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phose  2 

!  Of  ClocK  Cycle  2 
!  Execute  Assignments 


/1l,:f%:L%t't.$$t.*%%t^*********'lfit*f.tt******1)l**lli**t***t1.t**t***t*1»./ 


T  =  3; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

DBULK15;8>  =  MLABUSl; 
DBUS<7:0>  =  MCABUS  f  13; 
DTACKN  lo; 
next; 


!  ClocK  Cycle  3 
!  Execute  Assignment 

!  F'hase  1 

!  Of  ClocK  Cycle  3 
!  Memory  Places  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKN (Added) 

!  Execute  Pending  Assignments 


T  =  2  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  2 

); 

next;  ?  Execute  Impending  Assignments 


/$)i:t^i:»t%i^$ti$ri:n$*t*m*t*.****$***it4***$*t***V^t******'^*tU****t$**9it/ 

T  =  3;  !  ClocK  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  lo; 


!  Phase  2 


PHI2  =  hi; 
EXUKUF  =  DHUS; 


next; 


!  Of  ClocK  Cycle  3 
?  Instruction  On  Iiuto  Bus 
!  Is  Placed  In  External  Data 
•  Bus  Buffer 

!  Execute  Pending  Assignnients 


/i(.t%%yf.v^%*i^t*%i^*'4i^'$*%%^'f.**t*tt*‘ifi***t**t**it*i*ttt**ttt**%***%*****t*/ 

T  =  4;  !  ClocK  Cycle  4 

next;  !  Execute  Assignaient 


PHIl  =  hi; 
PHI2  =  lo; 
next; 

PFP  =  exdbuf; 


next; 


!  Phase  1 

*  Of  ClocK  Cycle  4 

!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignihents 


PHll  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LDSN  =  hi; 
UDSH  =  hi; 


!  Phose  2 

!  Of  ClocK  Cycle  4 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deoctivate  Upper  Data  Strobe 


DTACKN  =  hi; 


Deactivote  Dota  Tronsfer 
AcKnouledge( Added ) 


next; 

/ini:ir:$tiH*:*$$**$it‘*^i-iHf*$*:***:***$*9:**t**$i:*^*if*$**:**’f**ift*f$*$tt$*t$**/ 

T  =  5;  !  ClocK  Cycle  5 

next;  !  Execute  Previous  Assigniient 


PHIl  =  hi; 

PHI2  =  lo; 

RW  =  hi; 
ADENABLE  =  lo; 
DBENABLE  =  lo; 
1ABU5  =  Pc; 


next ; 


!  Phase  1  Of 
!  ClocK  Cycle  5 
!  Heiiory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Dato  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assigninents 


PHIl  =  lo; 

PH12  =  hi; 
ADENABLE  =  hi; 
FCMODE  =  SRAODE; 
FCSPACE  =  2; 
EXABUF  =  lABUS; 
next; 

ABUS  =  EXABJf; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  5 
!  Enable  Address  Bus  Buffer 
!  User  Hooe 
!  Accessing  Progroih 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  Address  Placed  On  Bus( Added) 
!  Execute  Pending  Assignuents 


T  s  6;  !  ClocK  Cycle  6 

next;  !  Execute  Assigniient 


n- 


-r. . 


O'-  00  --  O 


>  ^ 


PHIl  =  hi; 

F-HI2  =  lo; 
rtSN  =  lo; 

LIISN  =  lo; 

UDSN  =  lo; 
LUtENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  6 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Ooto  Strobe 
!  Enable  Uota  Bus 
!  Execute  Pending  Assignisents 


PHll  =  lo; 
PHI2  =  hi; 
next; 


!  Phose  2 

!  Of  ClocK  Cycle  6 
!  Execute  Pending  Assignitents 


7=7;  !  ClocK  Cycle  7 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  BTACUN  eql  hi 
( 

next; 

PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  1 

!  Of  ClocK  Cycle  7 
!  Uait  For  heitory  To  Place 
!  Dato  On  The  Bus 
!  Execute  Impending  Assignments 

!  Phase  2 

•  Of  ClocK  Cycle  7 
!  Execute  Assignments 


/rtt:$$it::Hfi:t*$*****9.*ili*tt$*$**tii*t*t$**t*t******t******$****$/ 
T  =  a;  »  ClocK  Cycle  8 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

DBUS<15:8>  =  HCABUSi; 
IiBUS<7;0>  =  HE  ABUS  +  13; 
BTACKN  =  lo; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  8 
!  Hemory  Places  Instruction 
!  On  Dota  Bus  And 
!  Asserts  DTACKN ( Added ) 

!  Execute  Pending  Assignments 


T  =  7  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  7 


next; 


!  Execute  Impending  Assignments 


/t:$t$$ftit*****$*$*t***$$*$**$$**********$*********i^*r***t*t$*rt$*t/ 

T  =  8;  !  ClocK  Cycle  B 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  UBUC; 


next; 


!  Phose  2 

!  Of  Clock  Cycle  8 
!  Instruction  On  Bata  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


T  =  9; 

!  Clock  Cycle  9 

next: 

!  Execute  hssigniient 

PHIl  =  hi: 

!  Phase  1 

PHI2  =  lo: 

!  Of  Clock  Cycle  9 

PPft  =  EXD&UF; 

!  The  Contents  Of  The  External 
!  liQta  Bus  Buffer  ftre  Placed 
!  In  Prefetch  Register 

f.ext: 

!  Execute  Pending  Rssignikents 

pHii  =  lo: 

!  Phase  2 

PHI2  =  hi: 

!  Of  Clock  Cycle  9 

hSN  =  hi: 

!  Deactivate  Address  Strobe 

LDSN  =  hi; 

!  Deoctivate  Lower  Data  Strobe 

unsN  =  hi: 

!  Deactivote  Upper  Data  Strobe 

PC  =  PC  +  2: 

!  IncreBient  Progratu  Counter 

Ift  =  pfr; 

!  Piece  Contents  Of  Prefetch 
!  Register  Into  Instruction 
!  Register 

UTACKh’  =  hi; 

!  Deactivate  Data  Transfer 
!  Acknowledge(Added) 

next: 

!  Execute  Pending  Assignoients 

T  =  0 

!  Reset  Clock  Cycle  Counter 

) 

decode. 6>:ec;>jte_prefetch  J  = 

< 

case  IR 

032001:  Aove  !  HOVE.U  IiUD2 
047320:  jiip  !  JrtP  (rtO)  If  Ift  =  Octal  Value 

0>:4e73:  rte  !  RTE  (Return  Fro*  EKception) 

OxAofc:  illegal!  Illegal  Instruction 

esac 

) 

Biain  :  = 

( 

power_on_initialize: 
fotch.iiiitial  .instruction  J 
while~RERLiY  eql  hi 
( 

decode.execute.p refetch 
) 


/t%*%tt%*t%*%ttt**t**%t%%%*ttttt**t*%t*t***tt***ltit*%*t*%**t%%*t**.*t**1^*.t/ 
/*  %/ 

/%  rtOTORULA  MC68000  MODEL  OF  THE  ILLEGAL  ADDRESS  EXCEPTION  %/ 

/%  >/ 

/%  %/ 

/%  Structure  Declarotions  %/ 

/%  %/ 

state 

/%  %/ 

/%  M68000  PrograMiifig  Registers  %/ 

/*  %/ 


DC0:73<3i;0>, 

A[0:63<31}0>, 

UA7<3i:0>, 

SA7<3i:o;, 

PC<3i;o>, 

sft<i5;o>, 


8  Data  Registers 
7  Address  Registers 
User  Stack  Pointer 
S/stea  Stock  Pointer 
Progrofc  Counter' 
Stotus  Register 


/»«k)^<;«):]):»iiy«y;«yyy]|;y««y»yyyyyyyyyymmyyyyyyymyxyyymyyy)kmmyyyy/ 
/»  »/ 

/%  Tesporory  Internal  Registers  t/ 

/%  #/ 


pFRa5:o>, 

iR<i5;o:>, 

FC<2;0>, 

EXDDUF<15;0>, 

£XADUF<23:i>, 

ALUDUFl<3i;0>, 

ALUDUF1'C315  0>, 

liTEMP<15!0>, 

liISREG<3i;0>, 

SRT£MP<15;0>, 

IRTEMP<15:0>, 

TEMPAliR<3K0>r 

ACTYPE<1S50>, 

VECADR<23!0>, 


Prefetch  Register 

Instruction  Register 

Function  Code  Register 

External  Data  Bus  Buffer  Register 

Externol  Address  Bus  Buffer  Register (changed) 

ALU  Buffer  1 

ALU  Buffer  2 

remporary  Data  Storage 

Temporary  Displocement  Storage 

Temporary  Status  Register  Storage 

(Exception  Processing) 

Temporary  Instruction  Register  Storage 
(Exception  Processing) 

Temporary  Cycle  Address  Storage 
(Exception  Processing) 

Temporary  Access  Type  Storage 
(Exception  Processing) 

Temporary  Vector  Address  Storoge 
(Exception  Processing) 


HANADR<3i:0>, 


!  Temporary  Address  Storage  For 
!  Exception  Handler  Routine 


T<7:0>* 

!  ClocK  Cycle  Counter 

RESET , 

!  Reset  Flip-Flop 

HALT* 

!  Halt  Flip-Flop 

RU* 

!  Read/Urite  Flip-Flop 

ALIENABLE , 

!  Address  Bus  Buffer  Enable 

DBENABLE* 

!  Data  Bus  Buffer  Enable 

ASN* 

!  Address  Strobe  Flip-Flop 

LBSN* 

!  Lower  Bata  Strobe  Flip-Flop 

UIiSN* 

!  Upper  Bate  Strobe  Flip-Flop 

BTACKN* 

!  Data  Transfer  AcKnowledge  Flip-Flop 

COUT* 

!  Carry  Flip-Flop 

EXCEPT, 

!  Exception  Processing  Flip-Flop 

READY , 

!  Ready  Flip-Flop 

/%  %/ 

/%  Model  transforibotion  hodif icotions:  t/ 

/t  %/ 

/%  1)  CDL  decoder  structure  nonexistent  in  ISP'  and  un-  %/ 

/%  necessary  for  bodel .  Eliminated.  %/ 

/t  2)  Multi-phase  clocK  structure  nonexistent  in  IBP'*  %/ 

/%  Operations  on  registers  will  provide  its  equivalent*  %/ 

/%  3)  Switch  structure  nonexistent  in  ISP'*  Dperotion  on  a  %/ 

/*  register  will  provide  its  equivalent*  t/ 

/t  4)  The  declared  bus  structures  are  modeled  with  registers  %/ 

/%  without  loss  of  model  accurracy.  This  done  to  maintain  model  %/ 

/%  equivalency  and  simplicity*  %/ 

/%  5)  The  memory  word  length  was  reduced  from  16  to  8  bit  %/ 

/%  words  to  coincide  with  the  ECB's  32-Kbyte  memory^  to  agree  withV/ 

/%  their  PC  incrementation*  and  to  enable  the  use  of  existing  1/ 

/%  MC68000  assembler  and  linKer, 'loader  models*  The  memory  was  %/ 

/%  also  reouced  from  8  Mwords  to  32  Kbytes*  %/ 

/%  %/ 


IA8US<3i;0>, 

I[i8US<3i:0>, 

twait<7;0>* 

SWITCH* 

PHIl* 

PHI2; 


I  Internol  Address  Bus 
!  Internal  Bata  Bus 
!  Wait  Cycle  Counter 
!  Power  Switch 

!  Phase  1  Of  Two-Phase  ClocK 
!  Phase  2  Of  Two-Phose  ClocK 


/%  %/ 

/%  External  Address  ond  Bata  Bus 

/»  »/ 


BBUS<15:0>* 


!  External  Bata  Bus 


C-559 


cvw 


!  External  Address  ]:<us(cnanged) 


AHUS<23:i>? 

foriiKit 


/*  t/ 

/%  Register  Sabfields  %/ 

/%  %/ 


PCADDR 

= 

PC<23:0>,  ! 

SRTRACE 

= 

SR<15>,  ! 

SRhODE 

= 

SRslS^j  ! 

SRCARRY 

= 

SR  <0> ,  ! 

SROVER 

£ 

SR<1>,  ! 

SRZERO 

= 

SR<2) ,  ! 

SRNEG 

= 

SR<3:> ,  ! 

SREX 

SF'!<.4>»  ! 

SRAASK 

= 

SR^ iO  •  8.'  f  ! 

FCSPACE 

= 

FC<i:0.>,  ! 

FCrtOHE 

r 

FC<2>,  ! 

PCLDU 

=■ 

PC<15;0>»  ! 

PCHl 

PCGi:i6>,  ! 

nOLUORD 

= 

DC03<1S;0>,  ! 

DILUORD 

s 

DC11<15;0>,  ! 

ii2LULiRLi 

s 

11C23<15:0>,  ! 

D3LU0RI> 

= 

DC31<15:0>,  ! 

LI4LU0RD 

= 

DC43<15tO>,  ! 

DtiLUORD 

= 

DC51<15;0>,  ! 

1I6LU0RII 

s 

DC63<15:0>,  ! 

D7LU0RD 

DC71<15:0>,  ! 

IilSREGHUORD 

= 

liISREGQi;i6>,  ! 

DISREGLUORD 

=: 

DISREG<15;0>,  ! 

HANAliRLOU 

= 

HANAliR<15;0>,  ! 

HANADRHI 

= 

HANADR<3i;i6>, ! 

TEMPAliRLOU 

= 

TEHPADR<15:0>, ! 

TEttPADRHI 

= 

TEMPADR<3i:i6>; 

fTogran;  Counter  Address  Field 
Trace  I<it 

hode  Selection  Bit 
Carry  Bit 
Overflow  Bit 
Zero  Bit 
Negative  Bit 
Extend  Bit 
Interrupt  MosK 
heiMory  Access  Address  Spoce 
User/Supervisor  Node  Bit 
PC  Low  Uord 
PC  High  Word 
BCOIl  Low  Uord 
DC  11  Low  Uord 
Dl23  Low  Uord 
DC 31  Low  Uord 
DC 43  Low  Uord 
DCS3  Low  Word 
DC63  Low  Uord 
DC73  Low  Word 
DISREG  High  Uord 
DISREG  Low  Word 
Han ADR  Low  Uord 
HANADR  High  Uord 
TEMPADR  Low  Word 
TEMPADR  High  Word 


iieniory 

/%  %/ 

/X  16K  16-Bit  Word  Internal  rteiiory  t/ 

/X  %/ 

/xxxxxx%xxxx%xx*%xxx%%%%%x%%x%xxxxx%x%%%%%%%%%%%tt%%tx%%tx%x*-tx%t%t%%tx%/ 

HC0;327673<7:0>; 

niQCi-o 


/%  »/ 
/%  Logic  Level  Macros  %/ 


lo  =  0  &, 
hi  =  1  S, 
off  =  0  », 
on  =  1  S, 
clear  =08} 


/%  %/ 

/%  Power  On  and  Initialization.  This  process  was  not  nodeled  but  is  %/ 
/%  added  to  initialize  signals  and  registers.  %/ 

/%  %/ 


pouer_on  initialize  •= 

( 

SWITCH  =  on; 
next; 

HEAItY  =  lo; 

RESET  =  lo; 
deloydOO) ; 

RESET  =  hi; 
next; 

ASH  -  hi; 

LDSN  =  hi; 

unsN  =  hi; 

ItTACKN  -  hi; 

RW  »  hi; 

HBus  =  Oxffff; 
MCOxlOOa]  =  Oxff; 
MCOxlOOb]  =  Oxff; 
HALT  =  hi; 


!  Turn  Power  On 
!  Execute  Assignnent 
!  S/stee  Not  Ready 

!  Assert  Reset  For 

\  100  Hiliseconds(Active  Low) 

!  Deactivote  Reset 
*  Execute  Pending  Assigniients 
!  Initialize  Address  Strobe 
!  Initialize  Lower  liata  Strobe 

!  Initialize  Upper  Data  Strobe 

!  Initialize  Doto  Transfer  AcKnowledge 
!  Initiolize  Reod/Urite(Read  On  High) 

!  Place  Data  Dus  In  High  lepedance  State 
!  Ploce  Heeory  Locotions  Following  The 
!  JHP  Instruction  In  A  High  State 
!  Initialize  Halt  Flip-Flop(Active 
!  Low) 


T  =  o;  !  Initialize  Clock  Cycle  Counter 
READY  =  hi;  !  Syste*  Reody 

/XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXtXXXXtXXX**t(XXXX/ 
/X  %/ 
/X  Routine  Initialization  Per  Haeby  and  Guillory  t/ 
/X  »/ 


DC  13  =  0x55555555; 
AC03  =  oxiooo; 

AC13  =  0x2001 ; 

PC  =  0x1000 ; 

MCOxcD  =  0x0 ; 

ncoxd]  -  0x0 ; 
MCOxel  >  0x20; 


!  Place  Hex  55555555  Into  DC 13 
!  Place  Hex  1000  Into  AC03 
!  Place  Illegal  Address 
!  Place  Hex  1000  Into  Prograe  Counter 
!  Ploce  Exception 
!  Vector  Beginning  In 
!  Locotion 


hC0xf3  =  0x40 ; 
SA7  =  0x0786; 

next 


!  C  Hex 

!  Initialize  Systeii  Stack  Pointer 
!  At  Progrok  Headed  Down  (Added) 

!  Execute  Assigneents 


/%.tt***t*■*tt^^*****i^^%^l.t*1t.%**%tt*t*‘'^*%*t*'^^i■t.**■*t*t^t*t^^***^***«■*******ttt/ 


/»  »/ 

/»  Initial  Fetch  Cycle.  This  c>cle  was  not  uodeled  but  is  necessary  »/ 
/>  to  retrieve  iiodeled  instructions  for  siiiulation  and  analysis.  It  t/ 
/%  was  fashsioned  fro«i  the  Read  Cycle  described  by  Haiiby  and  Guillory  %/ 
/%  on  page  VI-15  of  their  thesis. 

/t  t/ 


fetch  initial_instructiori  ;  = 
'< 


PHIl  =  hi; 

PHI2  =  lo; 

RU  =  hi: 
fkliENiHBLE  =  lo; 
UBENABLE  =  Ic; 
I ABUS  =  Pc; 

next; 


}  Phase  1  Of 
!  ClocK  Cycle  0 
!  Heeory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assigneents 


PHIl  =  lo; 

PH12  =  hi; 
ADENABLE  =  hif 
EXABUF  =  I ABUS ; 

FCrtODE  =  srhode; 

FCSPACE  =  2; 
next; 

ABUS  =  EXABUF; 
next; 


•  Phose  2  Of 
!  Clock  Cycle  0 
\  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Hode 
f  Accessing  Prograe 
!  Execute  Impending  Assigneents 
!  Address  Placed  On  Bust  Added) 

!  Execute  Pending  Assigneents 


T  =  1;  !  Clock  Cycle  1 

next;  !  Execute  Assigniient 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LD&H  =  lo; 

UDSN  =  lo; 
DBENABLE  =  hi; 


•  Phose  1  Of 
!  Clock  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Dato  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enable  Doto  Bus 


next; 


Execute  Pending  Assigneents 


PHIl  »  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

•  Of  Clock  Cycle  1 
!  Execute  Pending  Assignments 


T  =  2} 
next; 


Cluck  Cycle  2 
Execute  iSssignaent 


PHIl  =  hi; 

F-HI2  =  lo; 
while  DTiSCKK  eql  hi 
< 

next; 


f  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  hebory  To  Place 
!  bato  On  The  Bus 
*  Execute  likpending  ^ssigniients 


PKIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

•  Of  Clock  Cycle  2 
!  Execute  tSssignbents 


T  =  3; 
next; 

PHIl  =  hi; 

PH12  =  lo; 

IiEiUS<15:8>  =  HCABUSi; 
IiBUS<7:0>  =  HCABUS  +  13; 
DTACKN  =  lo; 
next; 


*  Clock  Cycle  3 
!  Execute  hssighbent 

!  Phase  1 

!  Of  Clock  Cycle  3 
!  hebory  Places  Instruction 
!  On  Data  Bus  And 
!  Asserts  DTACKHCAdded > 

!  Execute  Pending  Assignaents 


T  *  2  !  Return  To  Phose  2 

!  Of  Clock  Cycle  2 

).* 

next;  !  Execute  Ibpending  Assignsients 


T  =  3; 
next; 


j  Clock  Cycle  3 
!  Execute  Assignaent 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUB; 


next; 


!  Phose  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Dato 
!  Dus  Buffer 

!  Execute  Pending  Assignbents 


T  =  4;  »  Clock  Cycle  4 

next;  !  Execute  Assignbent 


PHIl  *  hi; 
PHI2  =  lo; 

PFR  =  EXDBUF; 


next; 


!  Phase  1 

!  Of  Clock  Cycle  4 
!  The  Contents  Of  The  External 
!  Do to  Bus  Buffer  Are  Ploced 
!  In  Prefetch  Register 
!  Execute  Pending  Assignbents 


PHIl  =  lo; 


!  Phose  2 


PHI2  =  hi; 
ASN  -  hit 
LUSN  =  hi; 
UDSN  =  hi; 

iR  =  pfr; 


DThCKN  =  hi; 

PC  =  PC  +  4; 

ne>:t; 

T  =  0 
) 

andi  ;= 

( 

BRMODE  =  lo; 
iRa5;8>  =  MCPC3; 
iR<7:o>  =  rtcpc  +  n; 
next; 

PC  =  PC  +  2; 

T  =  5; 

next  I 
T  =  0 
) 

addq  ;= 

< 

If  SRrtOUC 

Sa7  =  SA7  +  4 
else 

UA7  =  Urt7  +  4; 
iRsi5;8>  =  hcpc:; 
IR<7.*0>  =  HCPC  +  13; 
next; 

PC  =  PC  +  2; 

T  =  7; 
next; 

T  =  0 
)  . 

illegal  ;= 

( 


!  Of  ClocK  Cycle  4 
!  Deactivate  Address  Strobe 
!  Deactivote  Lower  Dota  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Contents  Of  Prefetch  Register 
!  Are  Placed  Into  Instruction 
!  Register 

•  Deactivate  Data  Transfer(Added ) 
!  Acknowledge 

•  Increeent  Progroii  Counter 

!  Execute  Pending  Assignisents 
!  Reset  Clock  Cycle  Counter 


!  AND.U  ♦♦DFFF»SR 

!  Effect  Of  Instruction 
!  Prefetch  Next  Instruction 

!  Is  To  Set  Status  Register 
!  Increment  Progroii  Counter 
!  Supervisor  Bit  To  User 
!  Node 

!  Requires  6  ClocK  Cycles 


!  ADDQ.L  *4,67 

!  Effect  Of  Instruction 
!  Is  To  Increeent  Either 
!  System  Or  User  Stock 

•  Register  By  4  Depending  On 
!  Prefetch  Next  Instruction 

»  Is  To  Set  Statue  Register 

•  Increment  Prog  roe  Counter 
!  Requires  0  Clock  Cycles 


?  Illegal  Address  (OAFD) 


PHIl  =  hi; 
PH12  =  lo; 
RU  =  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  0 
!  Heeory  Reod 

>  Execute  Pending  Assigneents 


PHIl  =  lo; 
PHI2  =  hi; 


•  Phase  2  Of 
!  Clock  Cycle  0 


AIiENABLE  =  lo; 
DBENABLE  =  lo; 
DBUS  =  Oy.ffff; 
next; 


'  Bisoble  Address  Bus  Buffer 
!  Bisuble  I'uto  Bus  Buffer 
!  Bato  Bus  High  Ibpedanced 
!  Execute  Fending  Assignikents 


T  =  i;  <  Clock  Cycle  1 

next;  !  Execute  Assignment 


PHii  =  m; 
PH12  =  lo; 

IDBUS  =  sr; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  1 
!  Place  Status  Ffegister  On 
!  Internal  Bato  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
SRTEMP  =  IBBUS; 

next; 


!  Phase  2 

!  Of  Clock  Cycle  1 
f  Place  Status  Register 
!  On  Bus  In  Temporory  Register 
!  Execute  Pending  Assignments 


/XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXlkX/ 
T  =  2;  !  Clock  Cycle  2 

next;  <  Execute  Assignment 


i  tit 


PHIl  =  hi; 
PHI2  =  lo; 
SRHOBE  =  hi; 
SRTRACE  =  lo; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Set  Supervisor  State 
!  Turn  Off  Trace 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  4 
!  Execute  Assignment 


/xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxvxxxxxvxxxxxxxxxxxxxxxtikxxikyxxn/ 

T  =  3!  !  Clock  Cycle  3 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

SA7  =  Sh7  -  2; 


next; 

PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phose  1 

!  Of  Clock  Cycle  3 
!  Becrement  System  Stack  Pointer 
!  To  Point  To  Locotion  That  Uill 
!  Receive  PC's  Low  Word 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  3 
!  Execute  Pending  Assignments 


S:-K: 


7=4!  !  Clock  Cycle  4 

next; 


-  •  h  •  ^  ^  ^  •  k  •  V**  k* 


PHii  =  hi; 
F-HI2  =  lo; 
VECAIiFi  =  3; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  4 

!  Ploce  Vector  Nuoiber  In  Register 
!  Execute  Pending  /issignikents 


Prill  =  lo; 
PHr2  =  hi; 
next; 


!  Phase  2  Of 
>  CIocK  Cycle  4 

!  Execute  Iiipending  Assignnents 


T  -  =•  . 

1  - 

next; 

Prill  =  hi; 

PHI2  =  lo; 

VECAIIR  =  VECAIiR  iFtarith  2,* 
next; 

Prill  =  lo; 

PriI2  =  hi; 
next; 


ClocK  Cycle  5 
Execute  Assignment 

Pnose  1  Of 
ClocK  Cycle  5 
multiply  Vector  Number 
By  4  For  Vector  Address 
Execute  Pending  Assignments 

Phase  2 

Of  Clock  Cycle  5 

Execute  Pending  Assignments 


T  =  6i 
next; 

Prill  =  hi; 

PH12  =  lo; 

TErtPAOR  =  EXaBUF; 
next; 

Prill  =  lo; 

PHI2  =  hi; 
next; 


Clock  Cycle  6 
Execute  Assignment 

Phase  1 

Of  ClocK  Cycle  6 
Save  Current  Address 
In  Temporary  Register 

Phose  2 

Of  ClocK  Cycle  6 


T  =  7;  !  ClocK  Cycle  7 

next;  !  Execute  Assignment 


Prill  =  hi; 
PHI2  =  lo; 
next; 


!  Phase  1 

i  Of  ClocK  Cycle  7 
*  Execute  Pending  Assignments 


PHII  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  7 


T  =  8;  !  ClocK  Cycle  8 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

RU  =  hi; 
ADENABLE  =  lo; 
DBENABLE  =  lo; 
liBUS  =  Oxffff; 
I ABUS  =  SA7; 

next; 


Phase  1  Of 
ClocK  C/cle  8 
Heiiory  Read 

Bisable  Address  Bus  Buffer 
Disable  Data  Bus  Buffer 
Buto  Bus  High  litpedanced 
!  Place  SA7  On  Internal  Address 
Bus 

Execute  Pending  Assignoients 


PHIl  =  lo; 

PHI2  =  hi; 
ABEHABLE  =  hi; 
EXABUF  =  lABUS; 

FCHOBE  =  SRMOBE; 
FCSPACE  =  i; 
IDBUS  =  PCLOU; 


next; 

ABUS  =  EXABUF ; 
next; 


Phase  2  Of 

Clock  Cycle  8 

Enable  Address  Bus  Buffer 

Cate  Internal  Address  Bus 

Into  External  Address  Buffer 

Supervisor  Mode 

Accessing  Doto 

Place  Low  Uord  frob  PC  Onto 

Internal  Data  Bus 

Execute  Impending  Assignaients 

Address  Placed  On  Bus( Added) 

Execute  Pending  Assignments 


/t*t****************rt*^%*****t***ti*’i.ttttt**t**tt%t**%il.tttt*%t***t*/ 
T  =  9;  !  Clock  Cycle  9 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

Ru  -  lo; 

EXBBUF  =  IDBUS; 


next; 


f  Phase  1  Of 
!  Clock  Cycle  9 
!  Assert  Address  Strobe 
!  Activote  Write 
!  Place  Internal  Bata  Bus 
!  Contents  Into  External  Bate  Buffer 
!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 

BBUS  =  EXBBUF ; 

DBENABLE  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  9 
!  Contents  Of  External  Bata  Buffer 
!  Placed  On  Bata  Bus 
!  Enable  Bato  Bus 
!  Execute  Pending  Assignments 


1=10;  !  Clock  Cycle  10 

next;  <  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

UBSN  =  lo; 

LBSN  =  lo; 
twait  =  O; 
next; 

while  BTACKN  eql  hi 


!  Phase  1 

!  Of  Clock  Cycle  10 
!  Activote  Upper  Bata  Strobe 
!  Activote  Lower  Bata  Strobe 


!  Wait  For  Memory  To  Place 


( 

twoit  =  twait  4  i; 
next; 


!  Data  On  The  Dus 


PHIl  =  lo; 
F-HI2  =  hi; 
next; 


Execute  laipending  /^ssignaients 
Phase  2 

Of  ClocK  Cycle  10 
Execute  /Sssignoients 


T  =  11;  !  ClocK  Cycle  11 

next;  !  Execute  hssigniient 


PHIl  =  hi; 

PHI2  =  lo; 
if  tuait  egl  2 
( 

rtcisuusi  =  DDusa5;8>; 
hCftDus  4  n  =  DDUs<7;o>; 
DThCKN  =  lo 
); 

next; 


!  Phase  1 

!  Of  ClocK  Cycle  11 


!  PC  Low  Uord 
!  Stored 

!  Asserts  DTACKN< Added ) 

!  Execute  Pending  Assignments 


T  =  10  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  10 

); 

next;  !  Execute  Impending  Assignments 


T  =  11;  !  ClocK  Cycle  11 

next;  !  Execute  Assignment 


PHll  =  lo; 

PH12  =  hi; 

SA7  =  SA7  -  4; 


next; 


!  Phase  2 

!  Of  ClocK  Cycle  11 
!  Set  System  StocK  Pointer 
!  To  Point  To  Stotus  Register 
!  Storoge  Location 
!  Execute  Pending  Assignments 


/l^t*.*'^*.*%1^t*%******%*%*%t*********%**%*1^*%*‘**^^***tt%**tt*****tt.**tt/ 
T  =  12;  !  ClocK  Cycle  12 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 
next; 


!  Phose  1 

!  Of  ClocK  Cycle  12 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LUSN  =  hi; 
UDSN  =  hi; 
DTACKN  =  hi; 


!  Phose  2 

!  Of  ClocK  Cycle  12 
f  Deoctivate  Address  Strobe 
!  Deactivate  Lower  Ooto  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Deactivate  Data  Tronsfer (Added > 


next; 


!  iScKnouledge 

!  Execute  Pending  Assigniuents 


r  =  13;  !  Clock  Cycle  13 

next; 


PHll  =  hi; 

PHI2  =  lo; 

HU  =  hi; 
(HUEN/iBLE  =  lo) 
UBENABLE  =  lo; 
I ABUS  =  bn7; 


next; 


!  Phase  1  Of 
!  Clock  Cycle  13 
!  Heaiory  Read 

!  Bisoble  Address  Bus  Buffer 
!  Bi sable  Bato  Bus  Buffer 
!  Place  SA7  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignnients 


PHIl  =  lo; 

PHI2  =  hi; 
ABENABLE  =  hi; 
BBUS  =  Oxffff; 
EXABUF  =  lABUS; 

FCHOBE  =  SRMOBE; 
FCSF’ACE  =  i; 

I BBUS  =  SRTEMP; 

next; 

ABUS  =  EXABUF; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  13 
!  Enable  Address  Bus  Buffer 
!  Bata  Bus  High  Ibpedanced 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  Supervisor  Mode 
!  Accessing  Bata 

!  Ploce  Holder  Of  Stotus  Register 
!  Onto  Internal  Bota  Bus 
!  Execute  loipending  Assignaients 
<  Address  Placed  On  Bus( Added) 

!  Execute  Pending  Assignuents 


/%ttttt.t**t*tt*t.*%***if.ii.*t*%%*%%tt%**%t%ttt*%%iii*%ifit*%**********titi;.*/ 
T  =  H;  !  Clock  Cycle  14 

next;  !  Execute  Assigniient 


PHIl  =  hi; 

PHI2  =  lo; 

AGN  =  lo; 

RW  =  lo; 

EXDBUF  =  IBBUS; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  14 
!  Assert  Address  Strobe 
!  Activote  Write 
!  Internol  Bote  Bus  Moved 
!  To  Externol  Bata  Buffer 
!  Execute  Pending  Assignments 


F-Hll  =  lo; 

PHI2  =  hi; 

BBUS  =  exbbuf; 

BBENABLE  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  14 
!  Contents  Of  External  Bata 
!  Buffer  Ploced  On  Data  Bus 
!  Enable  Bata  Bus 
!  Execute  Pending  Assignments 


/M******t*t**t***************t**tii^***tt*%*$tt**tr^t:*t'illitt%t**ttt***t/ 
T  =  15;  !  Clock  Cycle  15 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

UDSN  =  lo; 

LDSN  =  lo; 
twait  =  O; 
next; 

while  DT^CKN  eql  hi 
( 

twait  =  twQit  +  It 
next; 


!  Phase  1 

!  Of  Clock  Cycle  15 
!  Activate  Upper  Data  Strobe 
!  Activate  Lower  Data  Strobe 


!  Wait  For  Metiory  To  Place 
!  Data  On  The  Bus 

!  Execute  Icipending  Assignitents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  15 
!  Execute  Assignuents 


T  =  16; 
next; 


PHIl  =  hi; 

PHI2  =  lo; 
if  twoit  eql  2 
( 

MCABUS3  =  DBUS<15:8>; 
MCABUS  +  n  =  DBUS<7;0>; 
DTACKN  =10 
); 

next; 


T  s  15 


); 

next; 


!  Clock  Cycle  16 
!  Execute  Assignment 


<  Phase  1 

<  Of  Clock  Cycle  16 


!  PC  Low  Word 
!  Stored 

!  Asserts  DTACKN( Added) 


Execute  Pending  Assignments 


!  Return  To  Phase  2 
!  Of  Clock  Cycle  IS 


!  Execute  Impending  Assignments 


T  =  16;  !  Clock  Cycle  16 

next;  !  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 

SA7  =  SA7  +  2} 


next; 


!  Phase  2 

!  Of  Clock  Cycle  16 
!  Set  System  Stack  Pointer 
!  To  Point  To  High  PC 
!  Storage  Location 
!  Execute  Pending  Assignments 


T  =  17;  !  Clock  Cycle  17 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  17 
!  Execute  Pending  Assignments 


PHIl  =  io; 
PHI2  =  hi; 
i^SN  =  hi; 
LDSN  =  hi; 
unsN  =  hi; 
DTACKN  =  hi; 

next; 


!  Phase  2 

!  Of  Clock  Cycle  17 
!  Iieoctivoie  /address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivote  Upper  Data  Strobe 
!  Deactivate  Dota  Transfer(Added ) 
*  Acknowledge 

!  Execute  Pending  Assignments 


T  =  18; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

RW  =  hi; 

ADENADLE  =  lo; 
DBENABLE  =  lo; 
lABUS  =  SA7; 

next; 

PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi,* 
UBUS  =  Oxffff; 
EXABUF  =  I ABUS ; 

FCMODE  =  SRMODE; 
FCSPACE  =  i; 
IDBUS  =  PCHi; 

next; 

ABUS  =  EXABUF ; 
next; 


Clock  Cycle  18 

Execute  Pending  Assignments 

Phase  1  Of 
Clock  Cycle  16 
Hemory  Read 

Disable  Address  Bus  Buffer 
Disable  Data  Bus  Buffer 
Place  SA7  On  Internal  Address 
Bus 

Execute  Pending  Assignments 

Phose  2  Of 

Clock  Cycle  18 

Enable  Address  Bus  Buffer 

Data  Bus  High  Impedanced 

Gate  Internal  Address  Bus 

Into  External  Address  Buffer 

Supervisor  Hode 

Accessing  Doto 

Place  High  Word  Of  PC 

Onto  Internal  Doto  Bus 

Execute  Impending  Assignments 

Address  Placed  On  Bus (Added) 

Execute  Pending  Assignments 


T  =  19;  !  Clock  Cycle  19 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASH  =  lo; 

KU  =:  lo; 

EXDBUF  =  IDBUS; 

next; 

PHIl  =  lo; 

PHI2  =  hi; 

DBUS  =  EXDBUF ; 


!  Phase  1  Of 
•  Clock  Cycle  19 
!  Assert  Address  Strobe 
!  Activate  Write 
!  Internal  Data  Bus  Moved 
!  To  External  Dota  Buffer 
!  Execute  Pending  Assignments 

!  Phase  2 

!  Of  Clock  Cycle  19 
!  Contents  Of  External  Dato 
!  Buffer  Placed  On  Doto  Bus 


DBENAHLE  =  hi; 
next; 


!  Enable  Bata  Bus 
!  Execute  Pending  Assignoients 


T  =  20;  !  ClocK  Cycle  20 

next;  !  Execute  Assigniient 


PHIl  =  hi; 

PHI2  =  lo; 

UIiSN  =  lo; 

LItSN  =  lo; 
twait  =  O; 
next ; 

while  DTACKN  eql  hi 
( 

twait  =  twait  +  i; 
next; 


!  Phase  1 

!  Of  ClocK  Cycle  20 
!  Activate  Upper  Data  Strobe 
!  Activate  Lower  Doto  Strobe 


!  Wait  For  hemory  To  Place 
!  Data  On  The  Bus 

!  Execute  iBipending  Assignibents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  20 
!  Execute  Assignuents 


/J^*1^t*%*9■^|.*t1li*t*%$t^***t*tr^****tt**ttt^tlfii$*t*t*•tit*t*1^******t*/ 
T  =  2i;  !  Clock  Cycle  21 

next;  !  Execute  Assigniient 


PHIl  =  hi; 

PH12  =  lo; 
if  twait  eql  2 
( 

hCABUS3  =  DBUS<15JS>; 
MCABUS  +  n  =  DBUS<7;0>; 
DTACKN  =  lo 
)? 

next; 


!  Phase  1 

!  Of  ClocK  Cycle  21 


!  PC  Low  Word 
!  Stored 

!  Asserts  DTACKN (Added) 

!  Execute  Pending  Assignibents 


T  =  20  !  Heturn  To  Phose  2 

!  Of  Clock  Cycle  20 

) ; 

next;  !  Execute  Impending  Assignatents 


/UU**$U**$**************$l$****$****$U$$*$****t*9i**1ii****t$**$t/ 

T  =  2i;  !  Clock  Cycle  21 

next;  !  Execute  Assignikent 


PHIl  =  lo; 

PHI2  =  hi; 

SA7  =  SA7  -  ■<»; 

next; 


!  Phose  2 

!  Of  ClocK  Cycle  21 
*  Set  System  Stack  Pointer 
!  To  Point  To  Saved  IR 
!  Execute  Pending  Assignaents 


v.^V-  *-'*'v*^*V  -'  i-'.'t-.' '  ■■  V 


T  =  22; 
nextr 


!  ClocK  Cycle  22 
!  Execute  Assignnient 


PHll  =  hi; 
PHI2  =  lo; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  22 
!  Execute  Pending  Assigneents 


PHIl  =  lo; 
PH12  =  hi; 
(SSN  =  hi; 
LDSN  =  hi; 
UbSN  s  hi; 
IiTftCKN  =  hi; 

next; 


!  Phase  2 

!  Of  Clock  Cycle  22 
!  Deoctivote  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivote  Upper  Data  Strobe 
!  Deactivate  Data  Transfer (Added) 
!  Acknowledge 

*  Execute  Pending  Assigneents 


/*ti:tt9t.*-*1i:Tf****t*t$**9**tt****$$**t*******t*$$***i*rtt*****$i^***U/ 

T  =  23;  !  Clock  Cycle  23 

next;  !  Execute  Pending  Assigneents 


PHIl  =  hi; 

PHI2  =  lo; 

RU  =  hi; 
ADENADLE  =  lo; 
DBENA6LE  =  lo; 
I ABUS  =  SA7; 


next; 


!  Phase  1  Of 
f  Clock  Cycle  23 
!  Heeory  Reod 

!  Disable  Address  Bus  Buffer- 
!  Disable  Data  Bus  Buffer 
!  Ploce  SA7  On  Internal  Address 
!  Bus 

I  Execute  Pending  Assigneents 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
DBUS  =  Oxffff; 
EXABUF  =  I ABUS ; 

FCMODE  =  SRMODE; 
FCSPACE  =  1; 

I DBUS  =  IRTEHP; 

next; 

ABUS  =  EXABUF ; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  23 
!  Enable  Address  Bus  Buffer 
!  Dato  Bus  High  lepedanced 
!  Gate  Internol  Address  Bus 
!  Into  External  Address  Buffer 
!  Supervisor  Mode 
!  Accessing  Data 

!  Place  IR  Causing  Address  Error 
!  Onto  Internal  Data  Ims 
!  Execute  lepending  Assignuents 
!  Address  Ploced  On  Bus (Added) 

!  Execute  Pending  Assigneents 


T  =  24;  !  Clock  Cycle  24 

next;  !  Execute  Assigneent 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

RU  -  lo; 

EXDBUF  -  I DBUS ; 


!  Phose  1  Of 
!  Clock  uycle  24 
!  Assert  Address  Strobe 
!  Activate  Write 
!  Internal  Data  Bus  Moved 
i  To  External  Dato  Buffer 


-575 


o 


next; 


!  Execute  Pending  Assignkents 


F'HIl  =  lo; 

PHI2  =  hi; 

DBus  =  ExriBur; 

DBENABLE  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  24 
!  Contents  Of  External  Data 
!  Buffer  Placed  On  Data  Bus 
!  Enable  Data  Bus 
!  Execute  Pending  Assignments 


/lirit%t**tt.*%%*.**t*t**t%*****v.t**-**t*$t*tt**tt*%tt$.**tttt*****tt**t/ 

T  =  25;  !  Cloch  Cycle  25 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

UDSN  =  lo; 

LDSN  =  lo; 
twait  =  O; 
next; 

while  DTACKN  eql  hi 
( 

twait  =  twait  f  i; 
next; 

PHIl  =  lo; 

PHI2  =  hi; 
next; 


!  Phase  1 

•  Of  Clock  Cycle  25 
!  Activate  Upper  Data  Strobe 
!  Activote  Lower  Data  Strobe 


!  Uait  For  Memory  To  Place 
!  Data  On  The  Bus 

!  Execute  Impending  Assignments 

!  Phase  2 

>  Of  Clock  Cycle  25 
!  Execute  Assignments 


1  =  26i  !  ClocK  Cycle  26 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
if  twoit  eql  2 


!  Phase  1 

!  Of  Clock  Cycle  26 


MIABUS3  =  DBUS<15;8>; 
MCABUS  +  1]  =  DBUS<7;0>; 
DTACKN  =  lo 
); 

next; 


!  PC  Low  Uord 
!  Stored 

!  Asserts  DTACKN (Added) 

!  Execute  Pending  Assignments 


T  =  25  !  Return  To  Phase  2 

•  Of  ClocK  Cycle  25 

>; 

next;  !  Execute  Impending  Assignments 

/tt*t***U*t*U****$$t$*riii!tift»:**J($t**$t*$$$*t*******t*t$******$*tit/ 

T  =  26;  !  ClocK  Cycle  26 

next;  !  Execute  Assignment 


PHIl  »  lo; 


!  Phase  2 


C-574 


PHI2  =  hi; 
SA7  =  SA7  - 


!  Of  ClocK  Cycle  26 
I  Set  Systeii  StacK  F’ointer 
!  To  Point  To  Soved  fiddress 
!  Causing  Exception  (Lou  Word) 
next;  !  Execute  Pending  Assigneents 


T  =  27;  !  ClocK  Cycle  27 

next;  !  Execute  ftssignuent 


PHIl  =  hi; 
PHI2  =  lo; 
next; 


*  Phase  1 

!  Of  ClocK  Cycle  27 
!  Execute  Pending  Assignments 


PHIl  =  io; 
PHI2  =  hi; 
ASH  =  hi; 
LDSN  =  hi; 
UDSN  =  hi; 
[iTACKN  =  hi; 


next; 


!  Phase  2 

!  Of  ClocK  Cycle  27 
!  I>eoctivate  Address  Strobe 
!  Deactivote  Lower  Data  Strobe 
!  Deoctivate  Upper  Data  Strobe 
!  Deactivate  Data  Transfer (Added) 
>  AcKnouledge 

!  Execute  Pending  Assignments 


T  =  28;  !  ClocK  Cycle  28 

next;  !  Execute  Pending  Assignments 


PHIl  =  hi; 

PHI2  =  lo; 

RU  =  hi; 
ALIENABLE  lol 
DBENABLE  -  lo; 
I ABUS  =  SA/; 


next; 


!  Phase  1  Of 
!  ClocK  Cycle  28 
.<  Memory  Read 

!  Disob le  Address  Bus  Buffer 
!  Disable  Do to  Bus  Buffer 
!  Ploce  SA7  On  Internol  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 

ADENABLE  =  hi; 

DBUS  =  Oxffff; 
EXABUF  =  lABUS; 

FCMODE  =  SRMODE; 
FCSPACE  =  i; 

IDBUS  =  tempadrlou; 

next; 

ABUS  =  EXABUF ; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  28 
!  Enable  Address  Bus  Buffer 
!  Data  Bus  High  Impedanced 
!  Cote  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  Supervisor  Mode 
!  Accessing  Date 
!  Place  Low  Word  Of  TEMPADR 
!  Onto  Internal  Data  Bus 
!  Execute  Impending  Assignments 
!  Address  Placed  On  Bus (Added) 

!  Execute  Pending  Assignments 


T  -  29f  '  !  ClocK  Cycle  29 

next;  !  Execute  Assignment 


PHll  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

RU  =  lo; 

EXDBUF  =  IHBUS; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  29 
!  Assert  Address  Strobe 
I  Activote  Write 
*  Internal  Ooto  Bus  lioved 
!  To  External  Data  Duffer 
!  Execute  Pending  Assigntients 


PHIl  =  lo; 

PHI2  =  hi; 

DDUS  =  exdbuf; 

DBENABLE  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  29 
<  Contents  Of  External  Data 
!  Buffer  Ploced  On  Data  Bus 
>  Enable  Data  Bus 
!  Execute  Pending  Assignibents 


/$t*}.X$*^^*tt***t*******1l■*1^*********t^***t*ttttt*tttttt*ttt%*ttt**%*/ 
T  =  30;  !  Clock  Cycle  30 

next;  !  Execute  Assignaent 


PHIl  =  hi; 

PHI2  =  lo; 

UDSN  =  lo; 

LDSN  =  lo; 
twait  =  O; 
next; 

while  DIACKN  eql  hi 
( 

twait  s  twait  -f  i; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  30 
!  Activote  Upper  Data  Strobe 
!  Activate  Lower  Data  Strobe 


!  Wait  For  hei»ory  To  Place 
!  Data  On  The  Bus 

!  Execute  lupending  Assignitents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  30 
!  Execute  Assigneents 


T  =  3i; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 
if  twait  eql  2 
< 

MLABUST  =  DBUS<15;8>; 
ttCABUS  +  13  =  DBUS<7;0>; 
DTACKN  =  lo 
); 

next; 


!  Clock  Cycle  31 
!  Execute  Assignwent 

!  Phase  1 

!  Of  Clock  Cycle  31 


!  TEHPADR  Low  Word 
!  Stored 

!  Asserts  DTACKN(Added) 

!  Execute  Pending  Assigniients 


T  s  30  !  Return  To  Phose  2 

!  Of  Clock  Cycle  30 


ne>:t} 


j  Execute  Impending  t^ssignaents 


T  =  3i;  !  Clock  Cycle  31 

nextr  !  Execute  ^ssigniient 


PHIl  =  lo; 

PHI2  =  hi; 

SA7  =  SA7  -  4; 

next; 


!  Phase  2 

!  Of  Clock  Cycle  31 
!  Set  Systeoi  Stack  Pointer 
!  To  Point  To  Saved  Access  lype 
Execute  Pending  Assignsients 


T  =  32;  !  Clock  Cycle  32 

next;  !  Execute  Assigniient 


PHIl  =  hi; 
PHI2  =  lo; 
next; 


!  Phase  1 

I  Of  Clock  Cycle  32 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
ASM  -  hi; 
LDSM  =  hi; 
UDSN  =  hi; 
IiTACKN  =  hi; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  32 
!  Iieactivate  Address  Strobe 
!  Deactivate  Lower  Dota  Strobe 
!  Deactivate  Upper  Dota  Strobe 
j  Deactivote  Date  Tronsfer(Added) 
!  Acknowledge 

I  Execute  Pending  Assigneents 


T  =  33;  !  Clock  Cycle  33 

next;  !  Execute  Pending  Assigneents 


PHIl  =  hi; 

PHI2  =  lo; 

RU  =  hi; 

ADEN ABLE  =  lo; 
DBENABLE  =  lo; 
I ABUS  =  SA7; 

next; 


!  Phose  1  Of 
!  Clock  Cycle  33 
!  Hehory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Date  Bus  Buffer 
!  Place  SA7  On  Internal  Address 
>  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
DBUS  =  Oxffff; 
EXABUF  =  I ABUS ; 

FCHODE  =  SRHODE; 
FCSPACE  =  1; 

I DBUS  =  actype; 

next; 


!  Phase  2  Of 
!  Clock  Cycle  33 
!  Enable  Address  Bus  Buffer 
!  Data  Bus  High  Impedanced 
!  Gate  Internal  Aodress  Bus 
!  Into  Exsernal  Address  Buffer 
!  Supervisor  Hode 
!  Accessing  Data 
!  Ploce  ACTYPE 
!  Onto  Internal  Ihito  Bus 
!  Execute  Impending  Assignments 


hpus  =  exabuf; 

next; 


!  Address  Placed  On  bus( Added) 
!  Execute  Pending  Asslgniients 


T  =  34;  !  Clock  Cycle  34 

next;  !  Execute  Assignuent 


PHIl  =  hi; 

PH12  =  lo; 

ASN  =  lo; 

HU  =  lo; 

EXlifcUF  =  lliBUS; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  34 
!  Assert  Address  Strobe 
!  Activate  Urite 
!  Internal  Bata  Pus  Hoved 
)  To  External  Dota  Puffer 
!  Execute  Pending  Assignuents 


PHll  =  lo; 

PHI2  =  hi; 

Dpus  =  exppuf; 
ppenaple  =  hi; 

next; 


!  Phase  2 

!  Of  Clock  Cycle  34 
!  Contents  Of  External  Pota 
!  Puffer  Placed  On  Lota  Pus 
!  Enable  Data  Pus 
!  Execute  Pending  Assignments 


/t******t****tt.^m9**.*t-**************'*^*****»^***x*******i‘**********y 

T  =  35;  !  Clock  Cycle  35 

next;  !  Execute  Assignment 


PHll  =  hi; 

PHI2  =  lo; 

UPSN  =  lo; 

LPSN  =  lo; 
twoit  =  0; 
next; 

while  PTACKN  eql  hi 
( 

tuait  =  twait  4  i; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  35 
*  Activote  Upper  Data  Strobe 
!  Activate  Lower  Pota  Strobe 


!  Woit  For  Memory  To  Place 
!  Pato  On  The  Pus 

!  Execute  Impending  Assignments 


PHll  =  lo; 
PHI2  =  hi; 
next; 


•  Phase  2 

!  Of  Clock  Cycle  35 

*  Execute  Assignments 


T  =  'i6i  !  Clock  Cycle  36 

next;  !  Execute  Assignment 


PHll  =  hi; 

PH12  =  lo; 
if  twait  eql  2 
< 

MCAPUS3  =  ripus<i5;8>; 
MCAPUS  4  ID  =  IiPUS<7;0>; 
DTACKN  =  lo 


!  Phase  1 

■  Of  Clock  Cycle  36 


!  ACTYPE 
!  Stored 

!  Asserts  PTACKNCAdded ) 


next} 


!  Execute  Pending  Assignikents 


/tit%1l.**t**t*******t***t**ttt*t*t***X*%**tt***tttttt*tt*ttt*t/ 

T  =  35  !  Return  To  Phase  2 

!  Of  Clock  Cycle  35 

)} 

next}  !  Execute  Impending  ^assignments 


T  =  36}  !  Clock  Cycle  36 

next}  !  Execute  Assignment 


PHll  =  10} 

PHi2  =  hi} 

SA7  =  SA7  +  2} 


next} 


!  Phase  2 

!  Of  Clock  Cycle  36 
!  Set  System  Stack  Pointer 
!  To  Point  To  Address  Causing 
!  Exception  (High  Word) 

!  Execute  Pending  Assignments 


/t*7fitit.1i:tt**t*t***t1^t*itit*tri.*******t**t*****i^t*l^t**%*t*tttt%%**1t**t%/ 
T  =  37}  !  Clock  Cycle  37 

next}  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  10} 
next; 


j  Phase  1 

!  Of  Clock  Cycle  37 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
ASH  =  hi} 
LUSH  :  hi} 
UbSN  =  hi} 
IiTACKN  =  hi} 

next} 


!  Phase  2 

!  Of  Clock  Cycle  37 
!  deactivate  Address  Strobe 
!  Deactivote  Lower  data  Strobe 
!  deactivate  Upper  data  Strobe 
deactivate  doto  TronsferC Added) 
!  Acknowledge 

!  Execute  Pending  Assignments 


/ft**}t*****r(ii*iiiLi.*$*t****M$'4**$ti**t.%ri:*tt$t******1(t*******t*t**t****/ 

T  =  38}  !  Clock  Cycle  38 

next}  !  Execute  Pending  Assignments 


PHIl  =  hi; 

PHI2  =  lo} 

RW  =  hi; 
AdENABLE  =  lo} 
dBEHABLE  =  lo} 
lABUS  =  SA7} 


next} 


*  Phase  1  Of 
!  Clock  Cycle  38 
!  Hemory  Read 

!  disable  Address  Bus  Buffer 
!  disable  data  Bus  Buffer 
>  Ploce  SA7  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  s  lo} 
rH12  =  hi; 
AdENABLE  =  hi} 
UBUS  =  Oxffff} 


!  Phase  2  Of 
!  Clock  Cycle  38 
!  Enable  Address  Bus  Buffer 
!  dota  Bus  High  Impedanced 


EXABUF  =  I ABUS ; 

FCrtODE  =  SRrtOBEJ 
FCSPACE  =  i; 

IDBUS  =  TEMPAliftHi; 

n&>;tr 

ABUS  =  exabuf; 

next; 


!  Gate  Internal  Address  Bus 
!  Into  External  Address  buffer 
>  Supervisor  Node 
!  Accessing  Bata 
!  Place  High  Word  Of  TENPaDR 
f  Onto  Internal  Bata  Bus 
!  Execute  Iiypending  Assignments 
!  Address  Placed  On  Bus( Added) 

!  Execute  Pending  Assignments 


T  =  39;  Clock  Cycle  39 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

Ru  =  lo; 

EXBBUF  =  IDBUS; 

next; 


!  Phase  1  Of 
!  Clock  Cycle  39 
!  Assert  Address  Strobe 
!  Activate  Write 
!  internal  Bata  Bus  Hoved 
!  To  External  Data  Buffer 
>  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 

UBUS  =  EXBBUF ; 

BBENABLE  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  39 
!  Contents  Of  External  Bata 
!  Buffer  Placed  On  Bata  Bus 
!  Enable  Bata  Bus 
f  Execute  Pending  Assignments 


/$u***$$***$**4*$$$$if¥$**»*$***if**$$$*$$***iit***$**$************t/ 

T  =  40;  !  Clock  Cycle  40 

next;  •'  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

UBSN  =  lo; 

LDSN  =  lo; 
twait  =  0; 
next; 

while  BTACKN  eql  hi 
( 

twait  -  twait  + 
next; 


•  Phose  1 

!  Of  Clock  Cycle  40 
!  Activote  Upper  Data  Strobe 
>  Activote  Lower  Bota  Strobe 


!  Wait  For  Memory  To  Place 
!  Bato  On  The  Bus 

!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  40 
!  Execute  Assignments 


/U**$**$4****t***$$**^*********$*$*t***********$************/ 
T  =  4i;  !  Clock  Cycle  41 

next;  !  Execute  Assignment 


PHIl  =  hi; 


!  Phase  1 


!  Of  ClocK  Cycle  41 


PHI2  =  lo; 
if  twaii  eql  2 
( 

rtCftBUS]  =  libUS<15;8>; 
MCABUS  +  n  =  DBUS<7;0>; 
UTACKN  =  lo 
); 

next; 


!  TErtPADft  High  Uord 
!  Stored 

!  Asserts  DTACKNC Added) 

!  Execute  Fending  Assignments 


T  =  40  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  40 

); 

next;  !  Execute  Impending  Assignments 


T  =  4i;  !  ClocK  Cycle  41 

next;  !  E':ecute  Assignment 


PHIl  =  lo; 
PH12  =  hi; 
next; 


!  Phase  2 

!  Of  ClocK  Cycle  41 
!  Execute  Pending  Assignments 


T  =  42;  !  ClocK  Cycle  42 

next;  •  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 
next; 


!  Phose  1 

!  Of  ClocK  Cycle  42 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LUSH  =  hi; 
UDSN  =  hi; 
UTACKN  =  hi; 


next; 


!  Phase  2 

!  Of  ClocK  Cycle  42 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Dota  Strobe 
!  Deactivate  Data  Transfer(Added) 
!  AcKnowledge 

!  Execute  Pending  Assignments 


T  =  43; 
next; 


!  ClocK  Cycle  43 
!  Execute  Assignment 


ADENaBLE  =  lo; 
DBENABLE  =  lo; 

I ABUS  =  uecadr; 


next; 


!  Phose  1 

!  Of  ClocK  Cycle  43 
!  Memory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Dato  Bus  Buffer 
!  Place  UECADR  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


.■w  V'V  ^  , 


F'Hil  =  lo; 

PHI2  =  hi; 
ftDENABLE  =  hi; 
[iBUS  =  Oxffff; 
EXftBUF  =  I ABUS ; 

FCttODE  =  srmoue; 

FCSPACE  =  i; 
ne>:t; 

ABUS  =  exabuf; 
next; 


!  Phase  2  OF 
!  Clock  Cycle  43 
!  Enable  Address  Bus  Buffer 
!  Bata  Bus  High  loipedanced 
!  Cate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  Supervisor  hode 
!  Accessing  Bata 
!  Execute  loipending  Assignnients 
!  Address  Placed  On  Bus (Added) 

!  Execute  Pending  Assignitents 


T  =  44;  Clock  Cycle  44 

next;  !  Execute  Assignoient 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LBSN  =  lo; 

UBSN  =  lo; 
UBENABLE  =  hi’, 
next; 


!  Phase  1  Of 
!  Clock  Cycle  44 
!  Assert  Address  Strobe 
!  Assert  Lower  Bata  Strobe 
!  Assert  Upper  Bata  Strobe 
!  Enable  Data  Bus 
!  Execute  Pending  Assignixents 


PHll  =  lo; 
PHI2  =  hi; 
next; 


Phase  2 

Of  Clock  Cycle  44 
Execute  Pending  Assignments 


T  =  4S;  !  Clock  Cycle  45 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  BTaCKN  eql  hi 
( 

next; 


!  Phase  1 

!  Of  Clock  Cycle  45 
!  Wait  For  Hemory  To  Place 
!  Bate  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phose  2 

!  Of  Clock  Cycle  45 
!  Execute  Assignments 


/tt*t%********tti%****lHI-**t.%1f^%**t.tl^*%*%%%%tt**1li%*%*t****t*%t%/ 


T  =  46; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

DBUS<15;8>  =  mcabusd; 
tiBUS<7;0>  =  MCABUS  +13; 
BTACKN  =  lo; 
next; 


!  Clock  Cycle  46 
!  Execute  Assignment 

!  Phase  1 

!  Of  Clock  Cycle  46 
!  Hemory  Places  address 
!  On  Bata  Bus  And 
!  Asserts  DTACKN(Added ) 

!  Execute  F'ending  Assignments 


0-362 


T  =  45f  !  Return  To  Phase  2 

!  Of  Clock  Cycle  45 

); 

nev:t;  !  Execute  Impending  ftssignments 

T  =  46}  !  Clock  Cycle  46 

next;  !  Execute  Assignment 


PHIl  =  10} 

PHI2  =  hi; 
EXDBUF  =  imuc; 


next; 


•  Phase  2 

!  Of  Clock  Cycle  46 
.'  Instruction  On  Data  Bus 
!  Is  Placed  In  External  Date 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/  i: Ik  i:  ycy^y;  »;  It:  i:  yL  It.  H. «;  If:  y:ii:  y;  IF  He «:«««:«;/ 

T  =  47;  !  Clock  Cycle  47 

next;  !  Execute  Assignment 


PHll  =  hi; 

PHI2  =  lo; 

HANADRLOU  =  EXDBUF } 


next; 


!  Phase  1 

!  Of  Clock  Cycle  47 
!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Ploced 
!  In  Handler  Routine  Low  Address 
>  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 

ASN  =  hi; 

LDSH  =  hi; 

UDSN  =  hi; 

DTACKN  =  hi; 

OECADR  =  VECADR  +  2} 

next; 


!  Phase  2 

!  Of  Clock  Cycle  47 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Deactivate  Data  TransferlAdded > 

>  Acknowledge 

Increment  Vector  Address  Registe 
!  To  Pick  Handler  Address  Low  Word 
!  Execute  Pending  Assignments 


r  =  48; 

next; 

PHIl  =  hi; 

PH12  =  lo; 

RU  =  hi; 
ADENABLE  -  lo; 
DBENABLE  =  lo; 
DBUS  =  Oxffff; 

I  ABUS  =  VECADR ; 


!  Clock  Cycle  48 
!  Execute  Assignsient 

!  Phose  1 

!  Of  Clock  Cycle  48 
!  Hemory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Data  Bus  High  Impedanced 
!  Place  VECADR  On  Internol  Address 


IDliUS  =  HmMURLOU; 


!  Move  Handler  High  Address  To 
!  Data  Bus 

■  Execute  Pending  Assigniients 


next; 

PHii  =  lo; 

PHI2  =  hi; 
ADEMABLE  =  hi; 
EXABUF  =  lABUS; 

FCMOLiE  =  srmohe; 
FCSPACE  =  i; 
HAMABRHI  =  IBBUS; 

next; 

ABUS  =  EXABUF; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  46 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  Supervisor  Mode 
!  Accessing  Bata 
!  Hove  Handler  High  Address 
!  To  Upper  Uord  Of  Register 
*  Execute  Iitpending  Assignments 
!  Address  Placed  On  BusCAdded) 
t  Execute  Pending  Assignments 


T  =  49;  !  ClocK  Cycle  49 

next;  <  Execute  Assignment 


PHII  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LDSH  =  lo; 

UBSN  =  lo; 
DBENABLE  »  hx; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  49 
!  Assert  Address  Strobe 
!  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
!  Enoble  Doto  Bus 
!  Execute  Pending  Assignments 


PHII  =  lo; 
PHI2  =  hi; 
next ; 


!  Phase  2 

!  Of  ClocK  Cycle  49 
!  Execute  Pending  Assignments 


T  =  50;  !  ClocK  Cycle  50 

next;  *  Execute  Assignment 


PHII  =  hi; 

PHI2  =  lo; 
while  DTACKN  egl  hi 
( 

next; 


!  Phase  1 

!  Of  ClocK  Cycle  50 
!  Uoit  For  Memory  To  Ploce 
!  Date  On  The  Bus 
!  Execute  Impending  Assignments 


PHII  =  lo; 
PH12  =  hi; 
next; 


!  Phose  2 

!  Of  Clock  Cycle  50 
Execute  Assignments 


T  »  5i;  •  ClocK  Cycle  51 

next;  !  Execute  Assignment 


PHII  *  hi; 
PH12  =  lo; 


Phose  1 

Of  Clock  Cvcle  51 


li£tUS<15:8:>  =  MCABUS:} 
liBUS<7:0>  =  HE  ABUS  +13; 
[iTrtCKN  =  lo; 
next; 


!  Heikory  Places  Address 
!  On  Data  Bus  And 
!  Asserts  DTACKN(Added ) 

<  Execute  Pending  Assignments 


T  =  50;  !  Return  To  Phase  2 

!  Of  Clock  Cycle  50 

) ; 

next;  !  Execute  Impending  Assignments 

/:t.t1ttt.^t**V~***i-****tttt******t*****9-*-*t*t*)(.**tV^1(***%****t*1(t*%**tt/ 

T  =  5i;  !  Clock  Cycle  51 

next;  >  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  51 
!  Instruction  On  Data  Bus 
>  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/%t^t.%)t*%t'^tti;%t**t*t*^*****t%*tttttt*t***tt*t.1(.********t*t*.t%t*%.9.t*/ 
T  =  52;  !  Clock  Cycle  52 

next;  !  Execute  Assignment 


PHll  =  hi; 

PHI2  =  lo; 

HANADKLOU  =  EXDBUF; 


next; 

PHIl  =  lo; 
PH12  =  hi; 
ASN  =  hi; 
LDSN  =  hi; 
UDSN  =  hi; 
DTACKN  =  hi; 

next; 


!  Phase  1 

!  Of  Clock  Cycle  52 
!  The  Contents  Of  The  External 
!  Data  Bus  Buffer  Are  Placed 
!  In  Handler  Routine  Low  Address 
!  Execute  Pending  Assignments 

i  Phose  2 

!  Of  Clock  Cycle  52 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Deactivote  Data  Transfer (Added) 
!  Acknowledge 

!  Execute  Pending  Assignments 


T  =  53; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

RU  =  hi; 
ADENABLE  =  lo; 
DBENABLE  -  lo; 
DBUS  n  Oxffff; 


!  Clock  Cycle  S3 
!  Execute  Assignment 

!  Phase  1  Of 
!  Clock  Cycle  53 
!  Hemory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Data  Bus  High  Impedanced 


r*— ^ 


I/SBUS  =  hanaur; 


!  Place  HANADR  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


next; 


PHIl  =  lo; 

PHI2  =  hi; 
AHENABLE  =  hi; 
EXABUF  =  I ABUS ; 

FCMODE  =  SRMOHE; 
PC  =  lABUS; 
FCSPACE  =  2; 
next; 

ABUS  =  EXABUF ; 
next; 


*  Phase  2  Of 

!  Clock  Cycle  53 
j  Enable  Address  Bus  Buffer 
!  Cote  Internal  Address  Bus 

*  Into  External  Address  Buffer 
!  User  Mode 

!  Place  HAN ADR  In  PC 
!  Accessing  Program 
■  Execute  Impending  Assignments 
!  Address  Placed  On  Bus (Added) 

!  Execute  Pending  Assignments 


T  =  54;  !  Clock  Cycle  54 

next;  !  Execute  Assignment 


PHll  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 
BBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  54 
!  Assert  Address  Strobe 
!  Assert  Lower  Dota  Strobe 
!  Assert  Upper  Dota  Strobe 
!  Enoble  Dota  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  54 
!  Execute  Pending  Assignments 


T  =  55;  !  Clock  Cycle  55 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
< 

next; 


!  Phase  1 

!  Of  Clock  Cycle  55 
!  Wait  For  Memory  To  Place 
!  Dota  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  55 
!  Execute  Assignments 


T  -  56;  !  Clock  Cycle  56 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  s  lo; 

DBUS<15;8>  s  MCABUSi; 


!  Phose  1 

!  Of  Clock  Cycle  56 
!  Memory  Ploces  Instruction 


■DFUS<7:0>  =  HCABUS  +13?  !  On  Data  Bus  And 

DTACKN  =  lo;  !  Asserts  EiTACKN( Added) 

next;  !  Execute  Pending  Assignments 

T  =  55}  !  Return  To  Phase  2 

!  Of  Clock  Cycle  55 

); 

next;  !  Execute  laipending  Assignments 


T  =  56;  !  Clock  Cycle  56 

next;  !  Execute  Assignment 


PHll  =  lo; 

PHI2  =  hi; 
EXDBUF  =  DBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  56 
!  Instruction  On  Boto  Bus 
!  Is  Ploced  In  Externol  Doto 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/t*tttt*t**Klct**.****n.**$**iniii$ttt*****t*tU**t$*******$t*t***9i*t$$*/ 

T  =  57;  !  Clock  Cycle  57 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 

PFR  =  exbbuf; 


next; 


!  Phase  1 

!  Of  Clock  Cycle  57 
!  The  Contents  Of  The  Externol 
!  Bata  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LDSN  =  hi; 
UDSN  =  hi; 

iR  =  pfr; 


DTACKN  =  hi; 

PC  =  PC  f  2; 
next; 


!  Phose  2 

!  Of  Clock  Cycle  57 
!  Deoctivate  Address  Strobe 
!  Deactivate  Lower  Boto  Strobe 
!  Beactivote  Upper  Bata  Strobe 
!  Contents  Of  Prefetch  Register 
J  Are  Placed  Into  Instruction 
!  Register 

!  Deactivate  Bate  Transfer! Added) 
!  Acknowledge 

!  Increment  Progrom  Counter 
!  Execute  Pending  Assignments 


T  =  58;  !  Clock  Cycle  58 

next; 


PHIl  =  hi; 

PHI2  =  lo; 
AOENABLE  =  lo; 


!  Phase  1  Of 
!  Clock  Cycle  58 
f  Disable  Address  Bus  Buffer 


UBENl^PLE  =  loi 
DBUS  =  Oxffff; 
ASN  -  hi; 

LIiSN  =  hi; 

UDSN  =  hi; 
next; 


!  Disable  Data  Bus  Buffer 
!  Data  Bus  High  Inipedanced 
!  Disoble  Address^ 

!  Lower  Data^  and 
!  Upper  Da to  Strobes 
!  Execute  Pending  Assignaents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2  Of 

!  Clock  Cycle  58 

!  Execute  Iiupending  fissignoients 


T  =  59;  !  Clock  Cycle  59 

next;  !  Execute  hssigniient 


PHIl  =  hi; 
PH12  =  lo; 
next; 


f  Phase  1  Of 

!  Clock  Cycle  59 

!  Execute  Pending  l^ssigneents 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  59 


T  s  0  !  Reset  Clock  Cycle  Counter 

) 


( 

SA7  =  SA7  -  2; 
next; 

SR<15;8>  =  rtCSA73; 
SR<7;0>  =  HCSA7  +13; 
next; 

SA7  =  SA7  +  2; 
next; 

PC<3r.24>  =  MCSA7]; 
PC<23;i6>  =  HCSA7  +13; 
next; 

SA7  =  SA7  +  2; 
next; 

PC<15;8>  MCSA73; 
PC<7;0>  =  HCSA7  +  13 ; 
next; 

1R<15:8>  =  HCPC3; 
IR<7:0>  =  HIPC  +13; 
next; 

PC  =  PC  +  2; 
next; 

T  =  19; 


!  RTE  (Return  Froo.  Exception) 

!  Effect  Of  This  Instruction 
!  Is  To  Pop  The  PC  And  SR 
!  Froii  The  Stock 


!  Requires  20  Clock  Cycles 


!  HOt^E.U  Dlr(Al} 


( 


PHIl  =  hi; 

PH12  =  lo; 

DBUS  =  Oxffff; 
f<W  =  hi; 
ADENABLE  =  lo; 
DBENABLE  =  lo; 
InBUS  =  PC; 

next; 


!  Phase  1  Of 
!  ClocK  Cycle  0 
!  Bata  Bus  High  Inpedanced 
!  liBBiory  Read 

!  Bisable  Address  Bus  Buffer 
!  Bisable  Bata  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignments 


PHIl  =  lo; 

PHI2  =  hi; 
ABENABLE  =  hi; 
EXABUF  =  I ABUS ; 

FCMODE  =  SRMOBE; 
FCSPACE  =  2; 
next; 

ABUS  =  EXABUF ; 
next; 


!  Phase  2  Of 
>  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
.!  Gate  Internal  Address  Bus 
‘  Into  External  Address  Buffer 
!  User  Hode 
!  Accessing  Program 
!  Execute  Impending  Assignments 
!  Address  Placed  On  Bus( Added) 

!  Execute  Pending  Assignments 


r  =  1; 

next; 


f  Clock  Cycle  1 
!  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LBSN  =  lo; 

UBSN  =  lo; 
UBENABLE  =  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  1 
!  Assert  Address  Strobe 
!  Assert  Lower  Bota  Strobe 
!  Assert  Upper  Bota  Strobe 
!  Enable  Bota  Bus 
!  Execute  Pending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


Phase  2 

Of  Clock  Cycle  1 

Execute  Pending  Assignments 


/M$$>.****t$9*i:**¥*$*^*$*********t**tit*$$)H$$$***tit$****>ti*ti**ti**$**$it/ 

T  =  2;  !  ClocK  Cycle  2 

next;  !  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
while  BTACKN  egl  hi 
( 

next; 


!  Phase  1 

!  Of  ClocK  Cycle  2 
!  Unit  For  Memory  To  Place 
!  Bata  On  The  Bus 
!  Execute  Impending  Assignments 


PHIl  B  lo; 


!  Phase  2 


PHI2  =  hi}  !  Of  ClocK  Cycle  2 

next}  !  Execute  Assignikents 


T  =  3} 
next } 

PHIl  =  hi} 

PHI2  =10} 

IibUSas:8>  =  MCAE1US3} 
IiBUS<7;0>  =  ML  ABUS  +13} 
DTACKN  =  10} 
next} 


!  ClocK  Cycle  3 
!  Execute  Assigneient 

■  Phase  1 

!  Of  ClocK  Cycle  3 
!  Meoiory  Ploces  Instruction 
On  Bata  Bus  And 
!  Asserts  DTACKN ( Ad ded ) 

!  Execute  Pending  Assignments 


/^t*1|i***^*t.t%t*t*tt*t**t*%.t***tt*tti^**t*ttt***tt*t***$tt*1^*%/ 

T  =  2  !  Return  To  Phase  2 

!  Of  ClocK  Cycle  2 

)} 

next}  !  Execute  Impending  Assignments 


/tt****t*tt**t%**.***t******$*t*tt****t*****$t*ftt9:$ttt*tt****tt**t/ 


T  =  3} 

1 

Clock  Cycle  3 

next} 

1 

Execute  Assignment 

PHIl  =  10} 

! 

Phase  2 

PHI2  =  hi} 

! 

Of  ClocK  Cycle  3 

EXDBUF  =  BBUS} 

! 

1 

! 

Instruction  On  Data  Bus 

Is  Placed  In  Externol  Doto 

Bus  Buffer 

next} 

Execute  Pending  Assignments 

11 

1— 

1 

ClocK  Cycle  A 

iiext} 

! 

Execute  Assignment 

PHIl  =  hi} 

! 

Phase  1 

PH12  =  lo} 

! 

Of  Clock  Cyc-le  A 

PFR  =  EXDBUF} 

1 

! 

The  Contents  Of  The  External 
Doto  Bus  Buffer  Are  Ploced 

In  Prefetch  Register 

next} 

! 

Execute  Pending  Assignments 

PHIl  =  10} 

! 

Phase  2 

PHI2  =  hi} 

1 

Of  Clock  Cycle  4 

ASN  =  hi} 

1 

Deoctivote  Address  Strobe 

LUSN  =  hi} 

! 

Deactivate  Lower  Doto  Strobe 

UBSN  =  hi} 

! 

! 

1 

Deoctivote  Upper  Data  Strobe 

Are  Placed  Into  Instruction 
Register 

PC  =  PC  +  2} 

! 

Increment  Program  Counter 

DTACKN  =  hi} 

! 

Deoctivote  Doto  Transfer (Added) 

!  AcKnowledge 


ext } 


T  =  ?.;  !  ClocK  Cycle  5 

next;  !  execute  Previous  rtssi^niiier.t 


PHil  =  ni; 

PHI2  =  lo; 

F:W  =  hi; 

ADENAJjLE  =  lo; 
LiBUS  =  Oxffff; 

[iHENrtbLE  =  lo; 
lABUS  =  acid; 

next; 

pHii  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
FCnOHE  =  SRMOItC; 
FCSPACE  =  i; 
EXABUF  =  I ABUS ; 
IBBUS  =  DlLUORIt; 

next; 

ABUS  -  EXABUF ; 
next; 


!  Phase  1  Of 
!  Clock  Cycle  S 
!  hemory  Read 

!  Disable  Address  Bus  Buffer 
!  Data  Bus  Returned  To  High 
!  Isipedonce  State 
!  Disable  Data  Bus  Buffer 
!  Place  ACID  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assigneents 

!  Phase  2  Of 
!  ClocK  Cycle  5 
!  Enable  Address  Bus  Buffer 
!  User  Hode 
!  Accessing  Progran 
!  Cate  Internal  Address  Bus 
!  Place  Low  Word  froe  DCID  On 
!  Internal  Data  Bus 
Into  External  Address  Buffer 
!  Address  Ploced  On  Due (Added) 

!  Execute  Pending  Assigneents 


T  =  6;  *  ClocK  Cycle  6 

next;  !  Execute  Assigniient 


PHII  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

RU  =  lo; 

EXDBUF  =  IDBUS; 

SRCARRY  =  lo; 
SROVER  =  lo; 
GRZERO  =  lo; 
SRHEG  =  lo; 
next; 

PHII  =  lo; 

PHI2  =  hi; 

DBUS  =  EXDBUF ; 
LiBENABLE  =  hi; 
cose  ABUS:i> 

o; 

( 

If  EXDBUF  eql  0 
SRZERO  =  hi; 


!  Phase  1  Of 
!  ClocK  Cycle  6 
?  Assert  Address  Strobe 

!  Ploce  Contents  Of  Internal 
!  Dato  Bus  Into  External  Data  Buffer 
!  Reset  Condition  Code  Bits 


!  Execute  Pending  Assignnents 
!  Phase  2 

!  Of  ClocK  Cycle  6 
!  Place  Data  On  External  Data  Bus 
!  Enable  Dato  Bus 
!  This  Instruction  Uill  Abort 


!  Set  Zero  Condition  Bit  If  Needed 


■V'AVI'.jM.-- 


next; 


!  Execute  Pending  Assignments 


/ttt}^tt***tt*$**%**1^**t*t*t***tttt^ll■t*ttt*t1^%*tt**1^tt1^***t****t**tt/ 


T  =  7; 
next; 


!  ClocK  Cycle  7 
!  Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
if  EXDtiUF<15> 

SRNEG  =  hi; 

UHSN  =  lo; 

LDSN  =  lo; 
twait  =  O; 
next; 

while  [HACKN  eql  hi 
( 

twait  =  twait  i  i; 
next; 


!  Phase  1 

!  Of  Clock  Cycle  7 
!  Set  Negative  Condition  Sit 
!  If  Needed 

>  Activote  Upper  And 

>  Lower  Da to  Strobes 

!  Wait  Cycle  Counter  Initialized 

!  Uait  For  Nemory  To  Place 
!  Data  On  The  Bus 
!  Increment  Unit  Cycle 
!  Execute  Impending  Assignments 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  7 
!  Execute  Assignments 


T  =  8; 
next; 


Clock  Cycle  8 
Execute  Assignment 


PHIl  =  hi; 

PHI2  =  lo; 
if  twait  eql  2 
( 

MIABUS’J  =  IiBUS<15:8>; 
MCABUS  +  13  =  [iBUS<7;0>; 
DTACKN  =  lo 
>; 

next; 


!  Phose  1 

!  Of  Clock  Cycle  8 
!  Mebiory  Responds  After  2  Cycles 

!  Store  Date  From  Bus 
!  In  Memory 

!  Asserts  DTACKN (Added) 

!  Execute  Pending  Assignments 


/*iiit%*****i**t***%tt***tt%*$it.*it***tt%in*$***w$**tM*ttt***t/ 

T  =  7  !  Return  To  Phose  2 

!  Of  Clock  Cycle  7 

); 

next;  !  Execute  Impending  Assignments 


/1littt%****'i^***t******t****t*%t*%*t*ttt***Wt**%*9*t%**9***$*tt* 

T  =  8;  !  Clock  Cycle  6 

next;  !  Execute  Assignment 


PHIl  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  8 
!  Execute  Pending  Assignments 


T  =  y;  •  Clock  Cycle  9 


next; 


!  Execute  t^ssignnent 


PHIl  =  hi; 
PHI2  =  lo; 
next; 

PHIl  =  lo; 
PH12  =  hi; 
ASH  =  hi; 
LDSH  =  hi; 
UDSN  =  hi; 

PC  =  PC  +  2; 

IR  =  pfr; 


DTACKN  =  hi; 

next 

) 

i: 

( 

next; 

T  =  7; 
next; 


!  Phase  1 

!  Of  ClocK  Cycle  9 
!  Execute  Pending  Assignikents 

!  Phase  2 

!  Of  ClocK  Cycle  9 
!  Deactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deactivote  Upper  Data  Strobe 
!  Increnent  Program  Counter 
!  Place  Contents  Of  Prefetch 
!  Register  Into  Instruction 
!  Register 

!  Deactivate  Data  Tronsfer 
<  AcKnowledge(Added) 

!  Execute  Pending  Assigniients 


1  Tereiinate  HOVE  >111  Dli(Al) 

!  Instruction  Because  Of  Illegal 

!  Address  And  Initiate  Exception 
!  Processing 


PHIl  =  hi; 

PHI2  =  lo; 

UDSN  »  lo; 

LDSN  =  lo; 
next; 

PHIl  =  lo; 

PHI2  =  hi; 

IRTEhP  =  ir; 
ACTYPE<2:0>  =  FC; 
EXCEPT  =  hi; 

actype:4>  =  Rw; 

next; 

T  =  8; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 
ACTYPE<3>  =  lo; 


!  Instruction  Register  And 
!  User/Systen  Data/P rogron 
!  Stotus  Saved  In  Teuporary  Registers 
!  Exception  Occurred  During 
!  Write  Cycle 

!  ClocK  Cycle  8 


Instruction  Caused  Exception (Changed) 


next; 

PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
UDSN  -  hi; 

IR  -  OxOofd; 


!  Illegal  Address  Exception 


'-■•'.O':? 


n-n:v’* 


LHSN  =  hi; 
next 


!  Exception  Processing 


) 

esac ; 
T  =  0 


!  JHP  ((SO) 


PHIl  =  hi; 

PHI2  =  lo; 

[iBus  =  Oxffff; 

RU  =  hi; 
AHENAbLE  =  lo; 
DBENABLE  =  lo; 
lABUS  =  pc; 

r»cxt ; 


!  Phase  1  Of 
!  ClocK  Cycle  0 
!  Ploce  Data  Bus  In  A  High 
!  Ikipedance  State  (Added) 

!  hebory  Read 

!  Disable  Address  Bus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
!  Bus 

!  Execute  Pending  Assignihents 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 
EXABUF  =  lADUS; 

FCHODE  =  SRHODE; 
FCSPACE  =  2; 
next; 

ABUS  =  EXABUF ; 
next; 


!  Phase  2  Of 
!  Clock  Cycle  0 
!  Enable  Address  Bus  Buffer 
!  Gate  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  User  Mode 
!  Accessing  Progron 
!  Execute  Pending  Assignibents 
!  Address  Placed  On  Bus( Added) 
!  Execute  Pending  Assignkents 


T  =  i;  !  Clock  Cycle  1 

next;  !  Execute  Assignbent 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LDSN  =  lo; 

UDSN  =  lo; 

I ABUS  =  acod; 

DBENABLE  =  hi) 
next; 

PHIl  =  lo; 

PHI  2  =  hi; 

PC  =  I ABUS ; 


!  Phase  1  Of 
!  Clock  Cycle  I 
!  Assert  Address  Strobe 
!  Assert  Lower  Dota  Strobe 
!  Assert  Upper  Dota  Strobe 
!  Hove  Jump  Address  Frob  AE03 
!  To  Internal  Address  Buffer 
*  Enable  Data  Bus 
!  Execute  Pending  Assignnents 

!  Phase  2 

!  Of  Clock  Cycle  1 
!  Ploce  Jump  Address  Into  Progron 
!  Counter 


T  =  2;  !  Clock.  Cycle  2 


next! 


!  Execute  AssignEient 


PHIl  =  hil 
PH12  =  lo; 
while  l<T/SCK>f  eql  hi 
( 

next; 


!  Phase  1 

!  Of  Clock  Cycle  2 
!  Wait  For  Heaory  To  Place 
!  IiQto  On  The  Bus 
!  Execute  lupending  /Issignments 


PHll  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  2 
!  Execute  hssignuents 


T  =  3; 
next; 

PHIl  =  hi; 

PHI2  =  lo; 

DBUS<15;8.V  =  rtCABUSi; 
DBUS<7;0>  =  MC/SBUS  +  ii; 
IiTACKN  =  lo; 
next; 


!  Clock  Cycle  3 
!  Execute  Assignibent 

!  Phase  1 

!  Of  Clock  Cycle  3 
!  rtefcory  Places  Instruction 
!  On  Bate  Bus  /ind 
!  Asserts  BTACKN( Added) 

!  Execute  Pending  Assignibents 


/xxxx*$xx*x$**x*xxx**x***x$xxxxx*x*x****xxx**x*t**xxx*$$x*$x/ 

T  =  2  !  Return  To  Phose  2 

!  Of  Clock  Cycle  2 

); 

next;  !  Execute  Impending  Assignments 


T  =  3; 
next; 


!  Clock  Cycle  3 
!  Execute  Assignment 


PHIl  =  lo; 

PHI2  =  hi; 
EXHBUF  =  [iBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  3 
!  Instruction  On  Bata  Bus 
!  Is  Placed  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  Assignments 


/$tx***x$x*$xx**x*******xxxx*xxx**ix*xx*$xt**txxx*x*tii$*x*xxtx**x*x/ 

T  =  4;  !  Clock  Cycle  4 

next;  !  Execute  Assignment 


PHIl  =  hi; 
PHI2  =  lo; 
next; 

PFR  =  exbbuf; 


!  Phase  1 

!  Of  Clock  Cycle  4 


C-395 


!  The  Contents  Of  The  External 
!  Bata  Bus  Buffer  Are  Placed 


next; 


!  In  Prefetch  Register 
!  Execute  Pending  Assignoients 


PHIl  =  lo; 
PHI2  =  hi; 
ASN  =  hi; 
LDSN  =  hi; 
UIiSN  =  hi; 
DTACKN  =  hi; 


!  Phase  2 

!  Of  ClocK  Cycle  4 
!  Leactivate  Address  Strobe 
!  Deactivate  Lower  Data  Strobe 
!  Deoctivote  Upper  Dato  Strobe 
!  Deactivate  Dote  Tronsfer 
!  AcKnowledge( Added) 


next; 


T  -  E*  • 

T  -  uf 
next; 


CiocK  Cycle  5 

Execute  Previous  Assigniient 


PHIl  =  hi; 

PHI2  =  lo; 

RU  =  hi; 
ADENAHLE  =  lo; 
DDENABLE  =  lo; 
lAhus  =  pc; 


next; 


!  Phase  1  Of 
!  ClocK  Cycle  5 
!  Heibory  Reod 

Disable  Address  Dus  Buffer 
!  Disable  Data  Bus  Buffer 
!  Place  PC  On  Internal  Address 
<  Bus 

!  Execute  Pending  Assignihents 


PHIl  =  lo; 

PHI2  =  hi; 
ADENABLE  =  hi; 

FCrtODE  =  srmode; 

FCSPACE  =  2; 
EXABUF  =  I ABUS ; 
next; 

ABUS  =  EXABUF ; 
next; 


!  Phase  2  Of 
!  ClocK  Cycle  5 
!  Enable  Address  Bus  Buffer 
!  User  Hode 
!  Accessing  Progras 
!  Gote  Internal  Address  Bus 
!  Into  External  Address  Buffer 
!  Address  Placed  On  Bus (Added) 
!  Execute  Pending  Assigneents 


/t$tt^li***)^***1i%*****^^*1^**t***t*^*%1^**i^■****%9**t*****t*****t***t*%9./ 


T  =  61 
next; 


!  ClocK  Cycle  6 
!  Execute  Assignnent 


PHIl  =  hi; 

PHI2  =  lo; 

ASN  =  lo; 

LUSH  =  lo; 

UDSN  =  lo; 
DBEWABLE  =  hi; 
next; 


!  Phase  1  Of 
!  ClocK  Cycle  6 
!  Assert  Address  Strobe 
*  Assert  Lower  Data  Strobe 
!  Assert  Upper  Data  Strobe 
)  Enoble  Doto  Bus 
!  Execute  Pending  Assignikents 


PHIl  =  lo; 
PH12  ^  hi; 
next; 


I  Phuse  2 

!  Of  ClocK  Cycle  6 
!  Execute  Pending  Assigneents 


T  =  7;  !  ClocK  Cycle  7 

next;  !  Execute  Assigniient 


PHIl  =  hi; 

PHI2  =  lo; 
while  DTACKN  eql  hi 
( 

next; 


!  Phase  1 

!  Of  ClocK  Cycle  7 
•  Wait  For  Hemory  To  Place 
t  Data  On  The  Bus 
!  Execute  Impending  /Assignments 


PHll  =  lo; 
PHI2  =  hi; 
next; 


!  Phase  2 

!  Of  Clock  Cycle  7 
>  Execute  ftssignments 


T  =  o; 
next; 

PHll  =  hi; 

PHI2  =  lo; 

IiBUS<15;8>  =  MCABUSi; 
IIBUS<7:0>  =  MCABUS  +  13; 
UTACKN  =  lo; 
next; 


!  Clock  Cycle  8 
!  Execute  /Assignment 

!  Phase  1 

!  Of  Clock  Cycle  8 
!  Heoiory  Places  Instruction 
>  On  Bata  Bus  /And 
!  /Asserts  BT/ACKN ( /Added ) 

!  Execute  Pending  /Assignments 


T  =  7  !  fieturn  To  Phase  2 

!  Of  Clock  Cycle  7 

) ; 

next;  !  Execute  Impending  fissignments 


/t**t%*it‘*%***'iiii**'i!-y(.)i.*i(**t*ii^*ttt*v:t**tt*****%^tt%*%*t*titt*tt**t*t*tt/ 


1  =  8; 

next; 


Clock  Cycle  8 
Execute  /tssignment 


Prill  =  lo; 

PHI2  =  hi; 
EXDUUF  =  BBUS; 


next; 


!  Phase  2 

!  Of  Clock  Cycle  8 
!  Instruction  On  Bata  Bus 
!  Is  Ploced  In  External  Data 
!  Bus  Buffer 

!  Execute  Pending  /Assignments 


T  =  9;  !  Clock  Cycle  9 

next;  !  Execute  /Assignment 


PHll  =  hi; 
PHI2  =  lo; 

PFF:  =  exdbuf; 


next; 


!  Phase  1 

!  Of  ClocK  Cycle  9 
?  The  Contents  Of  The  External 
I  Bota  Bus  Buffer  Are  Placed 
!  In  Prefetch  Register 
!  Execute  Pending  Assignments 


PHll  =  lo; 
PHI2  =  hi; 
ASH  =  hi; 


!  Phase  2 

!  Of  Clock  Cycle  9 
!  Beactivate  Address  Strobe 


LDSN  =  hi} 
UDSN  =  hi} 

PC  =  PC  +  4} 
IP  =  PFft} 


DTACKN  =  hi} 


ne>:t} 
T  =  0 
) 


!  Deactivate  Lower  Data  Strobe 
!  Deactivate  Upper  Data  Strobe 
!  Increneiit  Prograft  Counter 
!  Place  Contents  Of  Prefetch 
!  Register  Into  Instruction 
!  Register 

!  Deoctivote  Data  Transfer 
<  AcKnDwledge<Added) 

!  Execute  Pending  Assignaents 
!  Reset  ClocK  Cycle  Counter 


decode  execute  prefetch  }= 

< 

case 


IR 

0x3281 : 

hove  ! 

0x027c: 

ondi  ! 

oxseef} 

addq  ! 

047320} 

Jftp  ! 

0x4e73} 

rte  ! 

OxOofd} 

illegal ! 

esac 

) 


hOUE.W  D1><A1)  with  illegal  oddr 
AND»W  nDFFFrSR 
ADDQ.L 
JMP  (AO) 

RTE  (Return  Froft  Exception) 
Illegal  Address  Exception 


main  *= 

( 

power_on_initiali2t‘} 
fetch.initial , instruction } 
while  READY  eql  hi 
( 

dec  ode_exec'.ite  .prefetch 
) 


Appeiidii!  IiJ  MC68000  Metaiiiicro  iJeec  ription 


!  ! 


!  *  )K  ! 
.U  11168OOO  »iii .  *! 

metaMicro  description  file  for'  Motorola  66000  )f- ! 
!  >♦:  niic  rop  r  ocessor  »  )>: ! 
!  This  file  i':3  included  in  the  first  line  of  ! 
!»  osseiiibler  source  rode  file,  say  source»ni,  #! 
!  It  generates  output  file  source.n  if  ‘‘micro*  is  s*; ! 
i*  used.  If  “mas*  is  used  than  it  generates  the  >>: ! 
!»  follovjing  output  files.  ♦! 
! )(;  source.n  I  nodal  output  file,  ¥! 
!♦  source. 1  *.  assembler  listing,  logical  addresses.  » ! 
! *  source.L  t  assembler  listing,  both  logical  and  *! 

physical  addresses  and  assembled  ♦! 
!*  object  code  listings,  ♦! 
!*  ].out  :  assmbled  object  code  core  image.  #! 
I*  Use  “micro*  with  “cater*  and  “merge*  or  use  “mas*.*! 
!  *  )»: ! 
!»  Outhor  :  Son.ir  S.  Shah. 

!*  Date  t  Fall  1979.  *! 
!  Modified  t  Samir  S.  Shah,  » ! 

Date  :  Spring  1961.  !*: ! 
I  ¥  ! 
!  iy If:.,: it: It: i|r.)tc It; ! 

14:  it: ! 
!  *  Declaration  for  instruction  lengths  ond  widths.  ♦ ! 
!  *  Meniory  is  byte  addressable, default  instruction  4:! 
!  »  length  is  2  b ytes , iiia;:imum  instruction  length  is  *! 
>.*  10  bytes.  ♦ ! 
* »  » ! 


!  4'.  4: 4;  4: 4.  4: 4:  iK  it:  4: 4;  4:  IK  it:  4!  4:  ¥4: 4: 4:  it:  4: 4: 4: 4: 4:  ¥4:  it:  4: 4:  it;  4:  it:  4:  it:  ¥4:  He  if  it:  4: 4: 4:  ¥4: 4:1^4: 4: 4:  it:  4: ! 

1  n  s  t  r 

1 1;  10,21  •:.B>4- 


format 

•  4: 4:4:44:44:4  4:4: ifi4;44.f4; 4: 41K4'. 44:4  4:4:4'4:4:4:»4:¥4:4.4: 4:4:4; 4C4t¥4:4C)K4t4:4:4:4t4:4t)KiK  ! 

!  *  4 ! 

•4  :  lelds  of  instruction  bytes  sero  and  one,  4! 

!  4  4  ! 

!  44444444:4  4444:4:444:444:444:4:44:4:44:4:44444444444444444:444:4:44: ! 

=  ii:o;i::7M2 


Opcode 


f 


Condition  = 
Dst_Rn  - 
liiil_ModeO  =■ 
Aux_Op  = 
Ii<j;t_Hoclol  - 
Size  = 

Src  hode  = 

i_r” 

S  F; 

R_.h 

Src  Fin  - 


1!;03<3:0>, 

iroD<3:i>, 

iLo:i<o>, 

IC03<0>, 
1L13<7:6> , 
ii;i3<7;6>, 
1C13^::5:3>, 

IC13<^>, 

ia3<3>, 

ic;i3<2;o>, 


!  IF:  IF:  3):  ¥  jF:  ))Oi: )».  jF.  iC  iK  It:  V- 4:  IF:  ¥  if:  It:  iio): i  V  !F:  IF: ! 

!  )t:  )l: ! 

!  :F>  Field;.-  of  ii.c-truction  bytes  Two  and  three. 

!  >F:  »  ! 


T_Ind  IC23<7>. 

T_Rn  =  IC23<SM>, 

T_Size  =  1E23<3>, 

T_Iiisp  =  IC33<7;0>, 

!  ;t.  4:3F;¥  4:3t:3t:4:3t:  'Jt:3F:3l'.3|:)|:'iY3t:x:3F:)F:«:3i:  3F:3t:3|:)F:3F:3t:>t:it:3|oF:3t:3t:3t:3F:3t:it:3F(it:¥3t:¥iF:3F:i|:3r:3F(3i:3t:3F:>F:3t: ! 
!  ¥  ¥ ! 
I¥  Fields  of  iniitruction  bytes  Fo'ir  ond  five.  ¥! 

I  ¥  ¥ ! 

!  ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ! 


F  Ind  Ii;‘43  ;7>, 

F  Fin  ==  It43<6:-F>, 
F_Size  IC43x3>, 
F_iiisp  =  ics'j  ■.:7;o>, 


!  ¥¥¥¥¥¥¥¥¥¥¥¥¥}(  ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ! 
!  ¥  ¥ ! 
!¥  Fields  of  instruction  bytes  Six  and  seven.  ¥! 

!  ¥  ¥ ! 
!  ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ! 


S_lnd  1L<()3<7>, 

3  Rn  =  IL63:.6;4>, 

G  Size  =  1C63<3>, 

S_Iiisp  =  IC73<7J0>, 

!  ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ! 
!  ¥  ¥  ! 

!¥  Shorter  names  for  instruction  bytes.  ¥! 

I  ¥  ¥ ! 

I  ^ )|( )|k )|c ^  ^ IfC )|C )|C)|C )|C )|( )|C l|C ]|( )|C s|c )|C ^  ( 

10  =  IC03::7:0>, 

11  -  IC13<7;0>, 


i 


,'VV 


ic2:i<7:o>, 
ii:33<7:o>, 
IC4D  ::7:o>, 
ILtiD<7:o::^  , 
IL'63<7:0>, 
IC73<7;0>, 
ii;83-:7:o>, 
IC93<7;0>t 


!  ir  * )t; ^ >i; ¥ ^  Ij; i(; -ic 4- Jr:*  ! 
!  *  *  ! 

!*  Liut-a  regist.fr<;>.  *! 

!  *  *  ! 

!  }|c***********!»:**¥*Jt:Jt:Jt:J>:J^**Ji:JKJi:Jt:J|!JCJt:*Jt:J>:J^Jt^*Jf:**J*:*¥**Jt:*Jt:Jl^il:JK*J|c ! 

DO  -  0 
D1  =  1  S, 

D2  =  2  t, 

D3  =  3  E,, 

D-4  -  4  S, 

DS  S  i, 

D6  “6  S  r 


!  ************* y*ir)K)t;*****)r***Jt:*****J^*>>:*Jt:J^***Jt-'**ir-**J»:J|c))ci*  j 
!  *  *  ! 
!*  ftddreiiis  registers.  »! 

!  *  '  * ! 
! ***************************************************** ! 

AO  -•  0  X, 

A1  =  1  S, 

A2  =  2  &, 

A3  =  3  &, 

A4  =  4  S, 

A5  =  5  &, 

A6  =  6  &, 

A7  =  7  i, 


!  ***************************************************** ! 
!  *  *  ! 

!*  Size.  »! 

!  *  *' ! 

! ***************************************************** ! 

D  =  0  i, 

W  :=  1  &, 

L  2  Sr 


jwcCrCr  C^DiElnC#IAi0C|r%  vSP 
C?r^<r«Ir  ^ 


!  )K’  *! 

Addressing  ii.odes.  »! 

!  *  # ! 

1  Jr)j;-*;)t:3j:>>:)f  )*:!♦:* »*)»:)»:)*.-»; *3Ki»>' *:»»)>: iCiri^*'* »)»■)(''* >r¥ 3*.  *!tc*i»: *¥*)(:»»¥ ! 


=  0 

=  1  S, 

=  2  i, 

-  3  i  r 
=  4  i, 

=  5  S,  • 

^  6  &, 

=  7  S, 

SH  =  0 
LN  =  1  X, 
PIi  =  2  &, 
F-X  =  3 
Ih  -  4  5i, 


liuto,  Fiegisler  direct 

Address  Register  direct 

Indirect  F'legister 

Auto-Inc  reinen t 

Auto-liec  remen  t 

Displacement 

Index 

Special 

SHort 

LoNg 

Program  counter  Displacement 
Program  counter  indeX 
IHmed iate 


!  If:  ¥  { 

l»  Register  or  Heniory  mode  selection.  »! 

!  !((  )tc  ! 

!  :f;3f  if  :f/3: if  )!;:(( St. }(::»: ^3); )(;]);«]•;* ¥3)01; if; )c]f; if; if: It; If; ! 

R  -  0  &, 

M  =  1  i, 

!  ¥3|.'¥3f':¥¥¥3f:¥3f:¥¥3f;¥¥¥¥3|;¥¥¥3f;¥¥3f  ¥3f¥¥3f:¥3f:¥¥3f  ¥3f:¥3f;¥>|C3|(¥3|c¥3|;¥3f;¥¥3f¥3f;  j 
!  ¥  » ! 

!¥  Condition  codes.  *! 

! »  * ! 


0  s, 

1  &F 

2  Hr 

3  X, 

4  S, 

5 

6  i, 

7  ir 


-  10  £, 

-  n  &, 

=  12  i, 

-  13  &, 
=  14  Z, 
=  IS  &, 


T  rue 

False 

High 

Low  or  Same 
Carry  Clear 
Carry  Set 
Not  Equal 
EQual 

overflow  Clear 
overflow  Set 
PLUS 
Mlnijs 

Greater  or  Equal 
Less  Than 
Greater  Than 
Less  or  Equal 


d^D  (rn)  = 

Iist_rtocleO  =  AD  ^  -2; 

Dst.. Model  -■  AD; 

Dst_Fin  =  rn  &r 

opp_W  (oddr)  = 

if  length  egl  2  then 

J- 

12  =  addr  -8,* 

13  =  addr 

y ; 

if  length  eql  4  then 
■C 

14  =  ocidr  -8» 

15  =  addr 

>; 

if  length  eql  6  then 

< 

16  =  addr  -e» 

17  =  addr 

:> ; 

length  =  length  +  2 

app_L  (addr)  = 

if  length  eql  2  then 

< 

12  =  addr  ''  -24; 

13  -  addr  -16; 

14  =  addr  -8; 

15  =  addr 
>» 

if  length  eql  4  then 
•C 

14  -  addr  ^  -24; 

15  =  addr  -16; 

16  =  addr  ''  -8; 

17  =  addr 

>; 

if  length  eql  6  then 
•C 

16  =  addr  -24; 

17  =  addr  -16; 

18  =  addr  -8; 

19  =  addr 

>; 

length  =  length  +  4  &» 

app_X  ( ;:_disp  ,  ;;_ind  r  >!_rn  f  ::_si2e ) 
if  length  eql  2  then 
< 

T_lnd  =  >'._ind; 

T_Rn  =  x_rri; 


5555 


lx 


>; 

if  length  eql  A  then 
•C 

F_IvVd  =  x_irtci; 

F_Rn  =  -'■;_rri; 

F_Bi2e  ~  :.<_size  -  1» 

F_Iiisp  =  x_clisp 
>; 

if  length  eql  6  then 
< 

S_In(J  =■■  ;;_ind; 

S_Rn  =■  ;;_rn; 

B...Si2e  =  x_iiize  -  1} 

S'_riiiip  •-  K_di‘ip 

>; 

length  =  length  +  2 

sDS  ( rn  f  d isp )  = 

Src_rtode  -  IiS» 

Src_Rn  =  rn} 
app_W  (disp)  Sir 

six  <  rn,x_dispfX_ind,,\'_rn,x_si2e>  = 
Src_Mode  =1X5 
Src_Rn  =  rn » 

app_X  <x_disp»x^ind»x_vntx_size)  & 

sSH  <oddr)  = 

Grc_Mode  -  SF'J 
Src_ftn  -  SHJ 
upp_W  (ciddr) 

sLN  (oddr)  = 

Sv'c  Mode  -■  SPJ 
Srclftn  =  LN; 

•ipp.L  <addr) 

sPD  <disp)  = 

Src_Mode  =  SP; 

Sr(;.J':n  “  PD; 
opp_W  <disp) 

sPX  (x_dispfx..indfx_rn,x_si2e)  = 

Crc  Mode  =  SPJ 
Srcj;n  =  PX; 

app_X  <x_disp  »x_ind  rx_rnr'x_si2e)  ii 

dDS  (rnrdisp)  = 

list  ModeO  =  IiS  ^  -2; 
r>st_Mode:  -  KSf 
list  Rn  -  rn; 


iipp_UI  (disp)  Sr 


dlX  <  rr>  r>!_,di&p  r:;_ind  >>',_T'n  ri:_si2b)  = 
Ii<:-t_MDdtO  =  IX”''  *2; 

Listlhodel  =  IX ; 

=  rn ; 

a|jp_X  :.:_d  1  sp  ,  ;;_irid  ,  ::_rr.  r  )  Sr 

dSH  (addr)  = 

Hat  ModeO  =  SP  ^  -2; 

Iiat_Model  -  SP; 

Iisl_isri  -  SH; 
app_W  (oddr)  &r 

dLN  (addr)  = 

Hat  ModeO  =  SP  ''  -2; 
list_Mc;.del  SP; 

Dt-t^Rn  =  LNr* 
app_L  (oddr)  Sr 

dPD  (disp)  = 

Iist_ModfcO  =  SP  -2; 

Hst.Model  =  SP} 
r.ist_Fdi  =  PH} 
app_U  (disp)  Sr 

dPX  (M  disprv.  indrJ'!  rntx  size)  == 

Hst  rtodeO  SP  ''  -2; 

Hst_Hodel  -  SP} 

Hst.Rn  =  PX} 

app_X  (x_disp  ,>;_ind  rx_rri  rx.size)  &r 

udr.. s  (src.)  = 

iP  1  then  ts>src  Sr 

odr_d  (dst)  = 

if  1  then  \;d>dst  Sr 


!  »  H: ! 

!P  Instructions  and  their  conioion  iiiocros  in  alpha-  ♦! 
! 'P  helical  order.  #  ! 


abed  ( r_HirHy_Ay,H;!_A:;)  = 
r.u5:_0p  =  1  r 

P:_.M  =  r_iiir 
S  re  __Rn  =  I<y_Ayr 
Hst_f:ri  =  Hk_A);  &r 

AHCH  (  r_nirHy_.Ay  rH>!_A;; )  ~ 
Opcode  =  12} 

D-6 


abed  <  r_tii ,  Dy_Ay  > 
bih  (const)  = 

12  =  o; 

13  ~  const? 

1  eng  til  =  length  +  2 

win  (const)  = 

12  =  const  '''  -B; 

13  =  const; 
length  -  length  1  2 


lirt  (const)  = 

12  =  const  ^ 

13  •-  const 

14  -  const 

15  =  const; 
length  =  length  + 


•24; 

-16; 

-b; 


4  a. 


add  (sizereo 

..t'r* 

,  Iiii_ea) 

= 

Size  -■  siz 

e ; 

if  'Dn_ea 

eql 

"'BOS' 

or 

'Dn_eo 

eq  1 

or 

'  rin_ea 

eq  1 

*AJ,2$* 

or 

' Dn_ea 

eq  1 

or 

'Dn.eo 

eql 

or 

' Dn^ea 

eql 

or 

' Dn_ea 

eql 

or 

'  Iin_eo 

eql 

•'■1.1 7 ‘I’ 

then 

< 

Aui;_Op 

-  0 

« 

f 

Itst_Rn 

=  Dn„eo; 

if  'ea 

Im 

eql 

< 

Src. 

Mode  =  SP; 

Sre 

ftn 

i-( 

II 

if  ‘ 

size  eql  ■ 

ABUi* 

i  f  1  then  •Cb>ea_I>n 

>; 

if  'size  eql  ■'‘WtP'  th 
•C 

it  1  then  ■Cw>ea_Dn 

>; 

if  'size  eql  •''Lli*  th 

< 

if  1  then  •Cl>ea_Dri 

> 

} 

else 

•C 

adr  s  (eo  Im ) 


^^iu^;_0p  -  If 

list_l-<ri  =  &a_Dn; 

*jdr_s  dm  eo) 

>  &f 

AMi  <  t  ire  f  ea_Dii ,  Lm_  eo  >  = 
Opcode  =  13J 

add  ( ‘:;ire,ea_I.in  ,Iin_ea)  $  i 

ad da  ( 5 irer &a f An )  = 

Di:l_nodel  =  3? 
if  'sire  eql  then 

r 

na>;_Op  =  0 

> 

else 

■C 

Auj-;  Op  =  1 

>; 

Dst_Rn  =  An} 
adr_s  <ea)  it 

ADDA  <£ise,ea»An)  = 

Opcode  =  13} 

adda  (sire, ea, An)  t  Sr 

addi  (sirerdatorea)  - 
Size  -  size} 
if  'size  eql  ■‘"•Etii.*  then 
■C 

12  =  0} 

13  —  data} 
length  =  length  +  2 
>} 

if  'size  eql  *'^U$"  then 
< 

12  data  -0} 

13  -  data} 

length  =  length  +  2 
>} 

if  'size  eql  then 

■C 

12  =  data  ^  -24} 

13  =  data  ^  -16} 

14  =  data  ''  -8} 

15  =  data} 

length  -  length  +  4 

-*■ } 

adr_e  <ea)  Sr 


ADDI  <size,clato,eu)  = 

10  =  6; 

addi  (si2e,datu,ea)  i  I, 

uddq  < size f doto , eo )  = 

Opcode  -  li; 

Dst^Rn  =  data? 

Sire  =  £i2e; 
adr_s  (ea) 

Al.iI.iGl  < sii'e » data , fi.'a )  = 

Au;;_0p  =  0? 

addq  (  si^ie , data , ea )  s, 

add;-:  (  siiie  ,  r_iii ,  Iiy_ /tty  ,  D;;_A;: )  = 

Siize  =:  siie? 

abed  (  r_ni»liy_A>  ,  D;-;_A>;.>  %, 

AliDX  <  £>ize  ,  »■_,  iii»  I'y_Ay  ,  )  =■■ 

Opcode  =  liJ; 

add;;  (  size  ,  r_ni ,  Liy_Ay  ,  Ei;:_A;; )  i  & 

AND  (  size  ,ec_.Dn  ,Dn_ea)  = 

Opcode  =  12f 

odd  (si2e,eo_Dn,Dn_ea)  $ 

aNDI  < size > data rea )  = 

.10  =  2? 

addi  (size, data, ea)  i  &, 

asl  (size,  i_r,D;:_dota,Dy)  = 

Opcode  =  14? 

Gize  =  size? 

1_,R  i_r; 

Dst_riin  =  D,';_datQj 
Src_Rn  =  Dy  &, 

ASL  (size,i_r,D::_data,Dy)  = 

Au.;;  Op  =  1 ; 

SJ~=  Oi 

o; 

asl  (size,  i_  r  ,li>;_data,Liy )  1.  &, 

A5I-;  (size,  i_  r,D::_data,Dy)  = 

Aux  Op  =■  o; 
s  rs~=  o; 

R_M  =  o; 

asl  ( size  ,  i_r  ,  D;;_data  ,  Dy  )  $■  &, 

aslm  (ea)  = 

Opcode  =  14; 

Dst_MDdel  =  3; 
adr  s  (ea) 


ASLn  (ea)  = 

Dst.Rn  =  O; 

Au;;_Op  =  1  > 

aslnii  (eo)  i  &» 

ASRM  (eo)  •= 
tist_Rn  =  O; 

Au:;_Op  =  Of 
aslm  (ea)  i 

(ccf label)  = 

Opcode  =  6} 

Condition  =  ccj 
II  =  label  $  &, 

bBRf*.  (label)  = 

Opcode  =  a; 

Condition  -•  TJ 
II  label  $  I, 

BBSR  (label) 

Opcode  =  6> 

Condition  =  FJ 
II  =  label  4 

bw  (label)  = 

Opcode  =  6i 

11  =  o; 

12  =  label  -O; 

13  =  label; 

length  =  length  +  2  If 

BU  ( cc  ,  label )  = 

Condition  =  cc; 
bw  (label)  t 

BWRA  (label)  = 

Condition  =  T; 
bw  (label)  i 

BWGR  (label)  = 

Condition  =  F; 
bw  (label )  %  ir 

bchg  ( d  » I.in_data f  ea )  = 
Opcode  =  O; 

If  'c  d  ecjl 

< 

Bst_Rn  =  -i; 

Au;:  Op  =  O; 

13  ^  Iin_,data; 
length  =  length  +  2 


L  «  t  •  1 


'•V'*  ►  •  .1 

1  ‘  •  d 


m 


K  V  4 
--tv 


*•  ..  •  L"^  • 

y  v'-y 

C"'- 


"k  V  J 

v  V'  -.' 


"  ■7*?" 


V*v'' 

yv'vy 


m 


> 

e  1  &e 

r 

•V 

list  Rn  -  riri_dat«i; 

Auk I Op  -  1 ? 

>; 

'.idr_s  (ea) 

p.CHO  (  s_d  » Im  _dat  a  ,  ea  )  - 
Dst_Mcidel  -■  i; 
bchq  <  s_d  j  I'iri_data  ,  ea  )  i 

PCLIi  (s_d»Dr]  datareu)  — 
List_.Mudel  2; 
bch(j  (  s_d  f  [ifi _da  La  f  ea )  it  8r 

i.:SE1  ( £_d  ,  Iin_  data  ,  ea  )  = 
Dst^Model  =  3; 
bchg  < s_d  >  Lin_data  > ea  )  it 

BTST  <s_d  rDri_datarGa )  = 
List_nodel  =  0} 
bchq  (  s_d  f  Dri  data  r  ea )  $  %? 

chK  <fc'a>Dn)  - 
Opcode  = 

List_Rn  =  Iin'} 

Au:;_0p  -  1  ; 
adT'_s  <ea)  iSi  > 

CHK  (eoflin)  = 
list_,M(jael  -•  2; 
chK  (edflm)  It 

clr  <£izerea)  = 

Sire  =  size? 
adr_£  (ea)  &r 


CLR  (si:cfr,ea)  = 

10  =  0;i42; 

clr  (  s  1 2;  e  r  e  a  )  it  ^  f 

C  ti  I '  <  li:  1 2  e  >  e  a  r  I'l  ri )  = 
Opcode  =  11; 
add  ( size  f  ea  >  Bn  )  %  )Sir 


CriPn  (  c  ize  r  to  r  An  )  = 
Opcode  -•  11; 
a  d  d  a  ( s  i  z  e  f  e  a  f  A  i'l )  it  ii  f 

CHRI  ( size » data f ea )  = 

10  12; 

addi  ( size , data , ea )  t 
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CnPn  ( size r Ay r Ai: )  = 
Opcode  =  li; 

Au::_Op  =  1 ; 

Src_Rn  =  i; 

Size  =  size; 

Iist_l>;n  =  A;t» 

Src_Rn  =  Ay  t  X? 

db  (Linjlabel)  = 

Opcode  =  5; 

Iist_Model  -  3; 

Src  Mode  =  IJ 
SrciRn  =  Dn ; 

12  =  label  -8; 

13  =  label; 

length  =  lengtht  2  iLt 

t'B  <cc  ,Iin  ,  label )  = 
Condition  =  cc; 
db  (Iin,  label)  %  If 

HBRA  dm,  lab  el)  = 
Condition  =  F; 
db  dm,  label)  $ 

divs  <ea,Iiri)  = 

Opcode  =  8; 
list_Rn  =  I)n ; 

IiEt__Model  =  3; 
odr  s  <ea)  $ 


DIOS  (ea,Dn)  = 

Au5-;_0p  =  1 ; 
divs  <ea,Dn)  $ 

DIVU  <ea,Dn)  = 

Aij:.'_Op  =  0; 
divs  (ea,Dn)  % 

EOR  < size ,Im  , eo )  = 

Opcode  -  11; 

add  (sizerDn,ea)  %  S, 

E'ORI  (size,dotQ,ea.)  = 

10  =  10; 

addi  < size, data rea)  %  i 

EXG  <D;;_Ax,Dy_Ay)  = 

Opcode  ®  12; 
list_Rn  -  Dx_Ak; 

Au>!_0p  =  1 ; 

Src_Rn  =  Dy_Ay; 


if  'Ii;;_Ax  eql  and 

'Dy~Ay  eql  then 

-C 

Iist_Model  -  i; 
Src_Mode  =  0 
>; 

if  'It>;_AK  eql  and 

'  Dy_Ay  eql  then 

Ds:t_Model  =  1} 
Src_Mode  =  1 

> 

else 

■C 

Dst.hodel  =  2; 

Src  hode  -  1 

>  i  i, 

EXT  <si2e,tin)  = 

Opcode  s=  4; 

Iist_Rn  =  4; 

Aux_Qp  =  0; 

Size  =  size  +  1} 
Src_Mode  =  0} 

Src_ftn  =  Dn  $  5tf 

.jmp  <ea)  = 

10  =  0;;4e,* 
adr_s  <ea)  6? 

JflP  ( ea )  = 

Iist_hodel  =  3; 

.jHip  (ea)  %  if 

JSR  (src)  = 

rist_hodel  =  2; 

.jmp  (ea)  t  if 

LEA  (eOfAn)  = 

Dst_Model  =  if 
chK  (eOfA/i)  *  If 

link,  (An)  = 

10  >=  0:;4d; 
tisl_rtodel  =  1; 

Src_Rn  =  An 

link  (An,disp)  =• 

Src_hode  =  2? 
link  (An); 

12  =  disp  -8; 

13  =  disp; 

length  =  length  +  2  »  S 


LSL  (size,  i_r,D'/._clot.a,Iiy)  -• 

Aux  Op  =  I f 

s_r”=  o; 

R_H  =  i; 

■asl  ( size  ,  i_r , Ii'/:_clat>a ,  Dy )  »  t 

LSR  <size,i_  v,t>':_dato,Dy)  = 

Aux  Op  =  0} 

5  r'=  o; 

=1} 

osl  ( size ,  i_r , Dx_clot.a , Iiy )  t  t 

LSLM  (ea)  = 
list_F:n  -  i; 

Aux_op  =  1 ; 
aslni  (eti)  % 

LSRM  (ea)  = 

Iist_Rn  =  i; 

Aux_op  =  o; 

aslw  (eii)  &» 

MOVE  <size,eal  ,e.i2)  = 
if  'size  eql  then 

< 

Opcode  =  1 

y  i 

if  'size  eql  •''Wt*  then 

< 

Opcode  --  3 

y  r 

if  'size  eql  then 

•C 

Opcode  -■  2 

if  'eal  eql  •''IM.**  then 
f 

Src_rtode  =  SF} 

SrclRn  =  IM; 

if  “size  eql  ■'''!<$•  then 

< 

if  1  then  -Cb>e'al 

>? 

if  'size  eql  then 

< 

if  1  then  fw>eol 

>  t 

if  'size  eql  •'''Lt*  then 

< 

if  1  then  •Cl>eal 

> 


adr_s  veal) 

y } 

aciT_cl  '!eu2)  f 

leer  (eo)  = 

Opeocle  =  4; 

Dst_MocleO  =  0; 
Dst.Model  ==  3; 

■  j  d  r  _  s  t  G  o )  o  T 

!  Move  to  CCF\»  Lo>iD  CCF! 
LDCCR  (eo)  = 

Iisl_F«:r.  ^  2; 
leer  <eu)  t  if 

!  Move  to  SRf  LoaLi  SR 
LI'SR  <eu)  = 

List_Rn  =  3; 
leer  (ea)  $  Xf 

!  Move  from  GFif  STore  SF'! 
STSR  <ea)  = 

Ust.Rn  =  0; 
leer  (ea)  $  if 


!  Hove  to  USRf  LoaD  UGR 
LHUSP  (An)  - 
Lre_Mode  =••  4; 
linK  (eo)  $  &f 

!  Mos'e  from  USPf  STore  USF 
STUSP  (ea)  = 

Src_,Mode  ~  5} 

1 inK  ( ea )  $  X  r 

MOVEA  (&i2efea,An) 

if  'si2e  eql  then 

•C 

Opcode  -  3 

> 

else 

< 

Opcode  =  2 
*,  » 

Dst_Rn  =■•  nn ; 

Dst..ModeO  =  OJ 
list_Model  ==  If 
if  ~ea  eql  •''IM.iK*  then 
< 

Src_Mode  =  GP» 

Src_Rri  =  IMf 


W? 


I*.  l'» 


if  'siz&  eql  then 

< 

if  1  then  fw>ea 

else 

< 

if  1  then  <l>ea 


else 

■{ 

aclr  s 

>  i  i, 

(iOVLQ  (ctuto,i:in)  = 
Opcode  =7; 

List_F':n  =  Im ; 

Au>:_0p  =  Or 
11  “  doto 

iiiuls  <ea»r.'n)  = 

Opcode  =  12; 

[ist_r':n  =  Dfi ; 
list_Model  =  3; 
adr_s  (eo)  &, 

MULL  <e.i,L'n)  = 

Au;;_0p  =  1  i 

mu  is  (eojlin?  1-  Ir 

nULU  (eurDn)  - 
Au:;_Op  -  0; 
mu  Is  (eOflm)  $ 

NUClt  (eu)  = 

10  =  0>;40; 
Iist_hodel  =  o; 
opr_s  (fru)  i 

NCC  <siL'e»eu)  - 
10  =  0:;44; 
civ  (siie»eu)  %  ^r 

NEGX  (siicerGo)  = 

10  -  0^;40; 
c ] r  ( size f eu )  t 

nop  = 

10  -  0:;4e; 
i.ist_rlodel  ~  i; 
■3rr_hode  ~  6  i, 

NOP  - 
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t 


Src_Rri  =  1 
nop  %  It 


NOT  (sizeFoa)  - 
10  =  0vjA6; 
clr  (sizereu)  »  i, 

OR  (  size  ,  t-a_r.iri , Iin_ea )  = 
Opcode  =  8; 

odd  (  £. iiie » ea_rm  » rin_eo )  1> 
Ol'il  ( s>i iie  f  d o t o  r  eo )  = 

10  o; 

Oddi  (  size f  dot o  f  eo )  %  , 

PEA  (sr-c)  = 

10  ^  0K4e; 

Iist_hode  i; 
odr_s  <src)  1>  it 


RESET  = 

Src_f;n  =■  O; 
nop 

ROL  (size,i  dotOfliy)  = 

AuJi.Op  =  1; 

s_R  ==  i; 

R_M  =  li 

osl  ( size  f  i_r ,  D::_doto  >  Iiy )  »  & 

ROT;  ( size  f  i„r  >  ti;!_dato  f  I*/ )  = 
Aa;;_0p  =  0} 

S  R~=  li 
R.,M  =  i; 

osl  (size?  i_rfIix_dota»lty)  4>  & 

ROLM  (eo)  = 

Iist_Rn  =  3; 
hu>:_0p  =  i; 
oslni  (eo)  %  &f 

i'iORn  ( eo  )  = 

Dst_Rn  -  3; 

AuK_0p  =  o; 

osIdi  (eo)  $  it 

ROXL.  (  size ,  i_ r  r  Ii;j_doto  f  Dy  )  = 
Aov;.  Op  -  1 ; 

S  R  '=  1 ; 

R_.M  =  o; 

osl  (sizfer  i._rfli);_dotOfliy)  li  i 
HDXR  (  sizsf  i_rf  Li>;_dotOf  fly)  = 


Tl  1  « 


Aux_Up  =  o; 

s_R  =  i; 

r:_,rt  o; 

asl  ( sine  *  i  _.T' >  Lix_dala ,  Dy )  i  & 

ROXLM  (ea)  = 
list_F:n  =  2; 

Aui;_Op  =  1 ; 


u  s  1  III  ( e>i )  t  S  » 


ROXRrt  (ea)  = 

-  2; 

Aiji;:_Op  =  OJ 
aslni  (eo)  i 


RTE  = 

Src_Fjn  =  3; 
nop  $  %f 

RTR  = 

Src_R‘n  =  7} 
nop  1> 

RTS  = 

Src_fin  =  tSj 
nop  $  2, 

Si:<CIi  <  r  _iii » tiy  _/Ay  >  U>;_R;'. )  ~ 
Opcode  =  8? 

abed  <  r_iii>Iiy^Ay  ^ 

S  <cc  f ea)  = 

Opcode  =  5; 

Condition  =  cej 
Iist_Model  =  3J 
adr_s  (ea)  $  Sr 

STOP  (data)  = 

Src_Rn  =  2f 

D  rj  I J  } 

12  -  data  -O; 

13  =  data; 

length  =  length  +  2  Sr 

SUB  (sisere'0_BnrI(n_ea)  = 
Opcode  =  9; 

add  < size reo_Dn  rrin_ea  >  %  Sr 

3UB!*i  (size  rear  An)  = 

Opcode  =  9; 

adda  (size  rear  An)  T  S, 


SUBl  ( sizer  data rsa) 


adcli  ( size » tlut >1  ir eo )  % 

SU&Q  < £ ize f doto f ea )  = 
ftu;'_Op  =  1 1 
oddq  (  size  f  dcto  !•  eo  )  $ 

SUEiX  (sizsT  r‘_iit,liy_Ay»Li>i_AK)  = 

Opcode  =  9; 

add;;  (size*  r_  111,  Iiy_Ay  ,D;-;_.Ak)  i  K, 

SWAP  (Dn)  = 

10  0x48; 

It£t_.Hodel  =  i; 

Src_Mode  =  O; 

8rc_Rn  =  Dn  *  S* 

TAS  (ea)  = 

10  =  0x4u; 

Dst^Model  -  3; 

•adr_s  <ea)  v 

TRAP  (vector)  = 

10  =  0x4d; 

Dst  Model  -  i; 

i_R~=  o; 

sIr  --  o; 

R..M  s:  vector  ''  -'Si 
Crc_F:ri  -  vector  %  1? 

TRAPO  = 

Src_Rn  =  6; 
nop  $  S, 

TE>T  <size*ea)  = 

10  =  0x4o; 

clr  (size»ev\)  t  &* 

UNLK  <  An )  = 

Src_Mode  =  3; 
linK  (hn)  1« 

!  t  ^ 

Psuedo  instructions  Tor  constants.  * 

!  ^  ^ 

CI^  (const)  = 

10  =  const; 
length  =  1  i  S, 


CW  (const)  = 
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rtppfciicl i;>  Et  MCiOOOO  LinKing/Loader  Description 


!  *  *\ 

!  *  i»68000  .  i  .  *  ! 

!*  LinKing  i_oader  description  for  notorola  6B000  * ! 

!  4:  microprocessor.  *! 

!*  No  input  requirements.  ’•' ! 

!»  Generates  m68000.a  on  compilation.  *! 

!*  Use  “inter*  to  coiiipile.  *! 

:(: ! 

!  *  iSuihor  I  Garnir  S.  Ghah.  ! 

!»  Date  :  Fall  1979.  *! 

!*  Modified  ;  Samir  S.  Shah.  *! 

!*  Date  ;  Spring  1981.  *! 

!  *  * ! 

!  IK  It:  4:  ¥)(:)(:)(;  ilot:  4:  4:  IK  !|c¥^  ! 

!  IK  IK ! 

!  IK  Declaration  for  instruction  lengths  and  widths.  iK ! 

! »  Memory  is  byte  addressablefdefoult  instruction  iK ! 

!  IK  length  is  2  b ytes ,  maxirnum  instruction  length  is  >K ! 
iiK  10  bytes.  »! 

.'IK  IK  ! 


!  iKy  i:4:¥iK>K:iKiKiK4:iK¥iKiKiKiKiKiriKiK!KiK4:iKiKiK'iKiKlKiKiKlK!KiKlKiKiKiKiKiK¥iKiKiKiK>KiKlKlKlK!K!K  ! 


instr 

Ii;iO,2D<8.>$ 


form  at 

!  iKiKiciKiKiKiKiKiKiKiK  iKiKiKiKiKiKiKiKiKiKiKiKiKiKiKiKiKiKiKiKiKiKiKiKViKiKiKiKiKiKiKiKiKiKiKiKViKlKiKiK ! 
!  ¥  IK ! 

'¥  Fields-  of  instruction  bytes  sero  and  one.  )K ! 

!  ¥  ¥  ! 

!  )K¥¥¥'-f. 'KK'-K^f’-K'fiK 4¥¥*¥¥¥-K¥»*¥¥¥¥ *¥¥¥»¥*¥¥¥¥¥»¥¥»¥¥¥¥¥¥¥¥¥  ! 


Opcode  =  IC0.1 
L'onditiort  -  ICO’J 
Dst_ftn  =  icon 
Dst_ModeO  -  IC03 
hur;’Dp  =-  I  COD 
Dst  Model  =  11 ID 
Giire  =  ICID 
Src_Mude  =  IClD 
I  R  =  ICID 
S  =  ICID 


•■O.-’  t 


s7;4>, 

G 1 0  .••'  f 

:3;  i>, 

::o>. 


E-1 


Gtc  F':ii 


=  I 


!  It!  t\ 

I*  Fields  of  instruction  bytes  Two  and  three-  ?|: ! 

I  It: ! 

I  ;|(}t:)t:>t>:t-4'V>t:V¥  <>:!t!;t  >t::t:4>'i:V)t:jt::it:i:i-'>t:»4:^lt:)t-  it:^'>t;)|:it:>t:>t!:t::t;)t:V:t~>F:t:Jt:9t:^¥i|C)t:}t:it:!t:!t! ! 

T  Ind  -  1C2T<7>, 

T_Fn  =  li;23<6M>, 

T  Size  =  IC22<3>, 

T..D1SP  =  IC3T<7:C>, 

!  ijcit^^'i^it-'iFit  ¥)t:)t:t)tnt:it:)i  )lot:3t:>t')t:i!:t:^  'f  i:¥>k4!4:it:¥)ki|!i|!)i!)|:)i>|cX;)t!4:¥!t:!t:4:¥>i:¥>|!!|!i|!!|!>t! ! 
}t  tt: ! 

!  JF  F  ields  of  instruction  bytes  Four  and  five.  ♦! 

' »  » ! 
!  !t!'<t:)t:V>t:¥i<it:¥)t:'t:)t!V>F)K!t:¥it:>t::t:)F¥it:^!'i::)t:Y]t!)t!)t:¥>t:iF¥4:tit:>F>!:)t:^^4:>t:)t:¥^^>F>t:it:)|ot: ! 

F_Ind  =  lLA3<7>r 
F  Rn  =  1C43;6J4>, 

F_Sise  =  IC43<3>, 

F_Iiisp  =  IC5J<7tO>, 

I  it!3t:)t:¥it:}FJt:¥3t:i:)t:}t:^¥)t:}F)t:ir3t:it:>t!^>t::t:^)|>  >F)t:3t:yf  ^$!t!it!>F^it:it:it:!t:)t:i|otcit:]t::t:¥i|ot:!t::t;)t: ! 
!  f  ♦  ! 

!  *  Fields  of  instruction  bytes  Six  and  seven.  *! 

!  *  * ! 

S..lnd  =  lC6:i<7>, 

6  Rn  =  IC6T<6M>, 

S  Size  =  1C;63  '3>, 

S_riisp  -  IC73<7;0>, 

\X  *! 

!  *  GFiorter  names  for  instruction  bytes.  *! 

I*  it: ! 

!  >;;)t:it:it:it:it:it:it:>|oi:ilot:it:it:if:it:¥)t:it:it:<t!it:it:it  it:it:it:i|:iKit!it:it:)t:i(:it:it:it:¥it:)t:it:i|c)t:it:it:it:it:itCii(ii:it:iKit: ! 

10  =  lt03<7:0>, 

11  ici:<7:o>, 

12  =  IC23<7;0>, 

13  ==  1C33<7:0>, 

14  =  IC43<7:0>, 

15  IC53<7:0>, 

16  IC63<7:0>, 

17  IC73<7;0>, 

18  =  IL'83:;7:0>, 

19  -  IC9"J<7:0>iF 


spaci? 

<0X'62y67>% 

transfer 

•tnew 

10  0;-:-ile  i 

11  -  0xf9  $ 

12  =  odd  rev  ss  ^  -2^  $ 

13  -  address  -16  i 

14  =  address  ^  -S  % 
liii  -  address  S> 


mode 

case  (labelcnt  eql  2)  and 
(length  eql  10)  5 


12 

u:; 

add  i-essL  1  li 

A  -24  t, 

13 

SI 

add  ressC 1 3 

''  -16  « 

14 

SI 

add  ressC 1 3 

A  -8  t 

15 

SI 

add  ressC 13 

$ 

16 

- 

add  ressCud 

A  ..24  <4, 

17 

SI 

add  ressLSd 

> 

1 

18 

s 

add  ressC53 

A  -8  <1, 

19 

ss 

addressC53 

til 

breaKf 
esac , 

case  Opcode  eql  6*. 

11  =  address  -  ►  -  2* 
b  reaKi 

f 

defoult ; 
esac$ 


Appendix  P:  Simulation  Test  Routines 


This  appendix  identifies  the  Metamicro  test  routines 
processed  for  each  of  the  MC68000  instruction  and  exception 
models  that  were  simulated.  They  are: 


Instruction  Routine  Page 

1.  MOVE.W  D1,D2  P-3 

2.  MOVE.W  Dl, (Al)  P-3 

3.  MOVE.L  D1,A1  P-3 

4.  MOVE.W  Dl, (Al)+  P-3 

5.  MOVE.W  D1,04(A1)  P-4 

6.  MOVE.W  D1,04(A1,D7)  P-4 

7.  MOVE.W  Dl,$2004  P-4 

8.  MOVE.W  A1,D3  P-5 

9.  MOVE.W  (Al) ,D2  P-5 

10.  MOVE.W  (A1)+,D6  P-5 

11.  MOVE.W  -(Al) ,D4  P-5 

12.  MOVE.W  04(A1),D1  P-6 

13.  MOVE.W  04 (A1,D7) ,D2  P-6 

14.  MOVE.W  $2004, D5  P-6 

15.  MOVE.W  $2004, $2008  P-7 

16.  MOVE.W  #$5555, Dl  P-7 

17.  ADD.W  D3,D5  P-7 

18.  BEQ  START  F-8 

19.  BTST  Dl, (Al)  p-8 

20.  Illegal  Instruction  Exception  p-8 


1.  MOVE.W  D1,D2 


include  mc68000.m$ 
begin 

MOVE  (W,DR(D1) ,DR(D2) ) 
MOVE  (W,DR(Di) ,DR(D2) ) 
MOVE  (W,DR(D1) ,DR(D2) ) 
MOVE  (W,DR(D1) ,DR(D2) ) 
MOVE  (W,DR(D1) ,DR(D2) ) 
MOVE  (W,DR(D1) ,DR(D2) ) 
JMP  {IR(AO)) 

end 


1  Move  contents  of  data  register 
!  D1  to  data  register  D2 


!  Jump  to  address  pointed  to  by 
!  address  register  AO 


2.  MOVE.W  Dl, (Al) 

include  mc68000.m$ 
begin 

MOVE  (W,DR(D1) ,IR(A1) ) 
MOVE  (W,DR(D1) , IR(Al) ) 
MOVE  (W,DR(D1) ,IR(A1) ) 
MOVE  (W,DR(D1) ,IR(A1) ) 
MOVE  (W,DR(D1) ,IR(A1) ) 
MOVE  (W,DR(D1) ,IR(A1) ) 
JMP  (IR(AO)) 


end 


3.  MOVE.L  D1,A1 

include  mc68000.m$ 
begin 

.  =  0x1000$ 

ANDI  (W,0xdfff ,DR(SR) ) 

MOVE  (L,DR{D1) ,AR(A1) ) 
MOVE  (L,DR(D1) ,AR(A1) ) 

JMP  (IR(AO)) 

end 


4.  MOVE.W  Dl, (Al) + 

include  n'C68000.m$ 
begin 

.  «  0x1000$ 

ANDI  (WrOxdfff ,DR(SR) ) 


!  Move  contents  of  data  register 
!  Dl  to  memory  location  pointed 
1  to  by  address  register  Al 


!  Jump  to  address  pointed  to  by 
!  address  register  AO 


!  Load  routine  at  address  1000  hex 
!  Set  supervisor  mode  bit  to  zero 
!  (user  mode) 

!  Move  32-bit  contents  of  data 
!  register  Dl  to  address  register 
!  Al 

!  Jump  to  address  pointed  to  by 
I  address  register  AO 


I  Load  routine  at  address  1000  hex 
1  Set  supervisor  mode  bit  to  zero 
I  (user  mode) 

I  Move  contents  of  data 


MOVE  (W,DR(D1) ,AI(A1) ) 


MOVE  (W,DR{D1) ,AI (Al) ) 


MOVE  (L,DR(D2) ,AR(A1) ) 
JMP  (IR(AO)) 

end 


!  register  D1  to  memory  location 
!  pointed  to  by  address  register  Al 
!  and  then  increment  Al  by  2 
!  Re- initialize  address  register  Al 
!  Jump  to  address  pointed  to  by 
!  address  register  AO 


5.  MOVE.W  D1,04(A1) 


include  mc68000.m$ 
begin 

.  =  0x1000$ 

ANDI  (W,0xdfff ,DR(SR) ) 
MOVE  (W,DR(D1)  ,DS(A1,4)  ) 


MOVE  (W,DR(D1) ,DS(A1,8) ) 
JMP  {IR(AO)) 


end 


!  Load  routine  at  address  1000  hex 
Set  supervisor  mode  bit  to  zero 
(user  mode) 

Add  displacement  (4)  to  address 
register  Al  to  form  address 
which  will  receive  the  contents 
of  data  register  D1 
Repeat  with  displacement  8 
Jump  to  address  pointed  to  by 
address  register  AO 


6.  MOVE.W  D1,04(A1,D7) 


include  mc68000.m$ 
begin 

.  =  0x1000$ 

(W,0xdfff ,DR(SR) ) 


ANDI 


MOVE 


MOVE 

JMP 


Load  routine  at  address  1000  hex 
Set  supervisor  mode  bit  to  zero 
!  (user  mode) 

(W,DR(D1) ,IX(A1,4,0,D7,1) )  !  Sum  displacement  (4),  the 

!  contents  of  data  register  D7  and 
!  address  register  Al  to  form  ad- 
!  dress  of  memory  location  to 
!  receive  data  register  D1 

(W,DR(D1) ,IX(A1,4,0,D7,1) )  1  Repeat  with  displacement  8 


(IR(AO) ) 


end 


Jump  to  address  pointed  to  by 
I  address  register  AO 


7.  MOVE.W  Dl,$2004 

include  mc68000.m$ 
begin 

.  =  0x1000$  !  Load  routine  at  address  1000  hex 

ANDI  (WrOxdfff ,DR(SR) )  !  Set  supervisor  mode  bit  to  zero 

!  (user  mode) 

MOVE  (W,DR(D1) ,SH (0x2004) ) !  Move  contents  of  data  register 

!  D1  to  memory  location  2004  hex 
MOVE  (W,DR(D1) ,SH(0x2008) ) I  Repeat  at  location  2008  hex 
JMP  (IR(AO))  1  Jump  to  address  pointed  to  by 


end 


!  address  register  AO 


8.  MOVE.W  A1,D3 

include  inc68000.in$ 
begin 

.  =  0x1000$ 

ANDI  (W,0xdfff ,DR(SR) ) 

MOVE  (W,AR(A1) ,DR(D3) ) 
MOVE  (W,AR(A1) ,DR(D3) ) 
JMP  (IR(AO)) 

end 


9.  MOVE.W  (Al) ,D2 

include  inc68000.in$ 
begin 

.  =  0x1000$ 

ANDI  (W,0xdfff ,DR(SR) ) 

MOVE  (W,IR(A1) ,DR(D2) ) 

MOVE  (W, IR(Al) ,DR(D2) ) 
JMP  (IR(AO)) 

end 


10.  MOVE.W  (A1)+,D6 

include  inc68000.in$ 
begin 

.  =  0x1000$ 

ANDI  (W,0xdfff ,DR(SR) ) 
MOVE  (W,AI(A1) ,DR(D6) ) 
MOVE  (W,AI (Al) ,DR(D6) ) 
JMP  (IR(AO)) 
end 


11.  MOVE.W  -(Al) ,D4 

include  inc68000.in$ 
begin 

.  »  0x1000$ 

ANDI  (W,0xdfff ,DR(SR) ) 


!  Load  routine  at  address  1000  hex 
!  Set  supervisor  mode  bit  to  zero 
!  (user  mode) 

!  Move  contents  of  address  register 
!  Al  to  data  register  D3 
!  Jump  to  address  pointed  to  by 
!  address  register  AO 


!  Load  routine  at  address  1000  hex 
!  Set  supervisor  mode  bit  to  zero 
I  (user  mode) 

I  Move  contents  of  memory  location 
I  pointed  to  by  address  register 
!  Al  to  data  register  D2 
!  Jump  to  address  pointed  to  by 
I  address  register  AO 


!  Load  routine  at  address  1000  hex 
!  Set  supervisor  mode  bit  to  zero 
I  (user  mode) 

!  Move  contents  of  memory  location 
!  pointed  to  by  address  register 
I  Al  to  data  register  D6 
!  then  increment  Al  by  2 
i  Jump  to  address  pointed  to  by 
!  address  register  AO 


!  Load  routine  at  address  1000  hex 
I  Set  sup>ervisor  mode  bit  to  zero 


F-5 


MOVE  (W,AD(A1)  ,DR(D4)  ) 


MOVE  (W,AD(A1)  ,DR{D3)  ) 
MOVE  (L,DR(D2) ,AR(A1) ) 
JMP  (IR{A0)) 

end 


(user  mode) 

Decrement  address  register  A1 
by  2  and  then  use  to  identify 
memory  location  to  receive  con¬ 
tents  of  data  register  D4 
Repeat  for  data  register  D3 
Reset  A1 

Jump  to  address  pointed  to  by 
address  register  AO 


12.  MOVE.W  04 (Al) ,D1 

include  mc68000.m$ 
begin 

.  =  0x1000$  1 

ANDI  (W,0xdfff ,DR(SR) )  1 

I 

MOVE  (W,DS(A1 ,4) ,DR(D1) )  1 


MOVE  (W,DS(A1 ,8) ,DR(D2) )  ! 

I 

JMP  (IR(AO))  I 

I 

end 


Load  routine  at  address  1000  hex 
Set  supervisor  mode  bit  to  zero 
(user  mode) 

Move  contents  of  memory  location 
determined  by  summing  displace¬ 
ment  4  and  contents  of  address 
register  Al-to  data  register  Dl 
Repeat  with  displacement  8  and 
data  register  D2 
Jump  to  address  pointed  to  by 
address  register  AO 


13.  MOVE.W  04(A1,D7),D2 


include  mc68000.m$ 
begin 

.  =  0x1000$ 

(W,0xdfff ,DR(SR) ) 


ANDI 


MOVE 


MOVE 

JMP 


end 


!  Load  routine  at  address  1000  hex 
!  Set  supervisor  mode  bit  to  zero 
!  (user  mode) 

(WrIX(Al,4,0,D7 ,1) ,DR(D2) )  I  Move  contents  of  memory 

!  location  determined  by  the  sum  of 
!  displacement  4,  contents  of  data 
I  r-  lister  D7,  and  address  register 
!  Al  -  to  data  register  D2 

(W,IX(A1,4,0,D7,1) ,DR(D3) )  !  Repeat  for  data  register  D3 

(IR(AO))  I  Jump  to  address  pointed  to  by 

!  address  register  AO 


14.  MOVE.W  $2004, D5 


include  mc68000.m$ 
begin 

.  =  0x1000$ 

ANDI  (W,0xdfff ,DR(SR) ) 


!  Load  routine  at  address  1000  hex 
!  Set  supervisor  mode  bit  to  zero 
1  (user  mode) 


MOVE  (W,SH(0x2004) ,DR(D5) )  !  Move  word  at  memory  location 

!  2004  hex  into  data  register  D5 
MOVE  (W,SH(0x2004) ,DR(D6) )  !  Repeat  for  data  register  D6 
JMP  (IR(AO))  !  Jump  to  address  pointed  to  by 

!  address  register  AO 

end 


15.  MOVE.W  $2004, $2008 


include  mc68000.m$ 
begin 

.  =  0x1000$ 

(W,0xdfff ,DR(SR) ) 


AND  I 


MOVE 


end 


!  Load  routine  at  address  1000  hex 
!  Set  supervisor  mode  bit  to  zero 
!  (user  mode) 

(W,LN(0x2004) ,LN(0x2008)  )  !  Move  word  at  memory  location 

!  2004  hex  into  memory  location 
!  2008  hex 

!  Jump  to  address  pointed  to  by 
!  address  register  AO 


JMP  {IR(AO)) 


16.  MOVE.W  #$5555, D1 


include  mc68000,m$ 
begin 

.  =  0x1000$ 

{W,0xdfff ,DR(SR) ) 


ANDI 


I 


MOVE 

MOVE 

JMP 


end 


Load  routine  at  address  1000  hex 
Set  supervisor  mode  bit  to  zero 
!  (user  mode) 

(W, IM(0x5555) ,DR(D1) )  !  Move  data  word  5555  hex  into 

(W,IM(0x5555) ,DR(D1) )  !  data  register  D1 

(IR(AO))  !  Jump  to  address  pointed  to  by 

!  address  register  AO 


17.  ADD.W  D3,D5 

include  mc68000.m$ 
begin 

.  =  0x1000$  !  Load  routine  at  address  1000  hex 

ANDI  (W,0xdf ff ,DR(SR) )  !  Set  supervisor  mode  bit  to  zero 

!  (user  mode) 

MOVE  (W,DR(D1) ,DR(D5) )  I  Move  contents  of  data  register  D1 

I  into  data  register  D5 

ADD  (W,DR(D3) ,D5)  1  Sum  contents  of  data  registers  D3 

!  and  D5  and  store  in  D5 

MOVE  (W,DR(D5) , IR(A2) )  I  Move  result  to  memory  location 

!  identified  by  address  register  A2 

JMP  (IR(AO))  I  Jump  to  address  pointed  to  by 

!  address  register  AO 


18.  BEQ  START 


include  mc68000 

.m$ 

begin 

START:  MOVE 

(W,DR(D1) ,DR(D3) ) 

BB 

(EQ, START) 

MOVE 

(W,DR(D2) ,DR(D3) ) 

BB 

(EQ, START) 

JMP 

(IR(AO) ) 

end 


!  This  move  will  clear  Zero 
!  condition  code  of  SR 
!  Branch  not  taken 
!  Set  Zero  condition  code 
1  Branch  taken 

!  Jump  to  address  pointed  to 
!  by  address  register  AO 


19.  BTST  D1,{A1) 


include  mc68000.m$ 
begin 

MOVE  (W,DR(D2) ,DR(D3) ) 
BTST  (R,D1,IR(A1) ) 


MOVE  {W,DR(D2) rDR{D3) ) 
JMP  (IR(AO)) 

end 


!  Fill  prefetch  queue 
!  Test  bit  identified  by  contents 
!  of  data  register  Dl  in  memory 
I  location  identified  by  address 
!  register  A1 

J  To  determine  completion  of  BTST 
I  Jump  to  address  pointed  to  by 
1  address  register  AO 


20.  Illegal  Instruction  Exception 


include  mc68000.m$ 
begin 

.  =  0x1000$ 

ANDI  (W,0xdfff rDR(SR) ) 

MOVE  (W,DR(D1) ,DR(D2) ) 
MOVE  (W,DR(D1) ,DR(D2) ) 
MOVE  (W,DR(D1) ,DR(D2) ) 
CW  (0x4afc) 

MOVE  (W,DR{D1) ,DR(D2)) 
JMP  (IR(AO)) 

end 


I  Load  routine  at  address  1000  hex 
I  Set  supervisor  mode  bit  to  zero 
!  (user  mode) 

1  Surround  illegal  instruction  with 
!  MOVE'S  to  fill  prefetch  <jueue 
!  and  isolate  illegal  instruction 
!  Illegal  Instruction 

!  Jump  to  address  pointed  to  by 
!  address  register  AO 


21.  Address  Error  Exception 


include  mc68000.m$ 
begin 

.  =  0x1000$  I 

ANDI  (W,0xdfff ,DR(SR) )  I 

I 
I 
I 


Load  routine  at  address  1000  hex 
Set  supervisor  mode  bit  to  zero 
(user  mode) 

Attempt  to  move  word  from  data 
register  Dl  to  odd  address  con~ 


MOVE  (W,DR(D1) ,IR(A1) ) 


NOP 


JMP  (IR(AO)) 

.  =  0x2040$ 

ADDQ  {L,4,AR(A7)) 
ADDQ  (L,4,AR(A7)) 


tained  in  address  register  A1 
This  instruction  will  be  pre¬ 
fetched  during  address  error 
instruction 

Jump  to  address  pointed  to  by 
address  register  AO 
Load  exception  handler  routine 
at  memory  location  2040  hex 
Pop  system  stack  to  retrieve 
program  counter  pointing  to 
JMP  (AO)  instruction 
Return  from  Exception 


RTE 


Appendix  G:  Simulation  Control  Piles 


This  appendix  contains  the  global  files  used  to  build 
each  simulation  and  output  the  data  of  interest. 

lopplogy  Eile 

The  following  is  an  overlay  of  the  topology  files  used 
to  identify  and  bind  each  of  the  simulation's  components  for 
processing  by  N.mPc's  Ecologist: 


signal 
processor 

time  delay 
connections 

I 

initial 


DBUS(16),  ! 

ABDS(23);  ! 

cpu  =  "root.sim"  ! 

I 

I 

1000000  ns;  1 

1 

DBUS  =  DBUS,  ! 

I 

1 

ABUS  =  ABUS;  ! 

M  =  ROOT;  ! 

I 

I 


Data  Bus 
Address  Bus 

The  file  "root.sim" 
contains  the  compiled 
MC68000  model 

A  simulation  delay 
corresponds  to  1  ms 

Connect  processor's 
Data  Bus  pins  to 
Data  Bus 

Ditto  Address  Bus  Pins 

Load  memory  "M"  with 
executable  code  contained 
in  the  file  "ROOT" 


This  file  will  support  the  modeling  of  any  of  the 
instructions  if  the  file  "root.sim"  is  replaced  with  the 
compiled  version  of  the  instruction's  hardware  component  in 
the  "processor"  declaration,  and  the  name  of  the  file 
containing  the  executable  code  for  the  instruction's  test 
routine  is  substituted  for  the  file  "ROOT"  in  the  "initial" 


declaration 


'\V 


The  file  "simulate"  governed  each  simulation  by 
determining  when  simulation  breakpoints  would  occur  and  then 
executing  the  appropriate  signal  output  file  to  display  the 


desired  data.  It  appears  as  follows; 


setproc  cpu 

repeat  bkpt  ;PHI1  eql  1 
repeat  trigger  "signalsl"  1 
repeat  bkpt  :PHI2  eql  1 
repeat  trigger  "signals2"  2 
bkpt  ;T  eql  0  after  :T  eql  9 


run 


!  Default  processor 
!  Break  each  time  PHIl  is  high 
1  and  execute  file  "signalsl" 

!  Break  each  time  PHI2  is  high 
!  and  execute  file  "signals2" 
after  :IR  eql  0h4ed0  !  Stop 
!  simulation  at  instruction 
!  following  JMP  (AO) 

!  Start  simulation 


Siqnalsl/Sianals2 

Signalsl  and  Signals2  were  executed  at  the  appropriate 
simulation  breakpoints  to  accomplish  the  actual  data 
display.  These  two  files  differ  only  in  the  clock  phase 
signal  displayed.  Signalsl  will  display  the  state  of  PHIl 
as  a  part  of  its  output  while  Signals2  displays  PHI2.  They 
both  consist  of  the  following  Runtime  statements: 


base  10 

I 

examine 

;T 

J 

examine 

;PHI1 

1 

base  2 

examine 

;FC 

] 

examine 

;DTACKN 

1 

examine 

;RW 

1 

examine 

:LDSN 

! 

examine 

tUDSN 

1 

examine 

:ASN 

1 

examine 

;DBUS 

! 

Want  clock  cycle  displayed  in  base  10 
Display  clock  cycle 

Display  phase  1  of  current  clock  cycle 
Signals2  will  display  phase  2 
Display  remaining  data  in  base  2 
Display  Function  Code  Signals 
Display  Data  Transfer  Acknowledge 
Display  Read/Write 
Display  Lower  Data  Strobe 
Display  Upper  Data  Strobe 
Display  Address  Strobe 
Display  state  of  Data  Bus 
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